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It is planned to publish the data from the report 
submitted by the Washington State Apple Commission, in 
fulfillment of its contract obligation, in five separate 
publications. This report covering "Apple Handling Methods 
and Equipment in Pacific Northwest Packing and Storage Houses” 
is the first to be published. Other reports are expected to 
cover: (1) Innovations in apple handling methods and equip- 


ment; (2) handling empty containers; (3) utilization of space 
in cold storage rooms; and (4) plant-wide materials-handling 
costs. 


After these reports are issued, a summary report is planned. 
Some of the results of this research are available now in 
"summary" form in the Department of Agriculture film "Apple 
Handling Methods." 


For sale by the Superintendent of Documents, U. S. Government, Printing Office 


Washington 25, D. C. — Price $1.50 
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HANDLING COSTS CAN BE REDUCED 

Marketing the products of the Nation's farms, ranches, and groves 
requires the physical handling and the movement of millions of tons of 
commodities each year. Some of these products are handled as many as 
25 or 30 times between producer and consumer. These operations require 
thousands of workers and millions epcien fates of labor. Currently the 
labor required for marketing some products exceeds that necessary to 
produce them. This emphasizes the importance of the efficient use of 
manpower. 

This report is one of a series designed to guide operators of apple 
and other fruit packing and storage houses in reducing labor required for 
various physical handling and warehouse operations. It outlines some of 
the methods by which labor can be made more productive. Although it 
evaluates methods and equipment used for handling boxes of apples in 
Pacific Northwest apple houses and appraises some of the methods and 
equipment developed during the research in that area, the results should 
be applicable to commercial fruit packing and storage houses in all areas. 

Because the report is intended as a manual or guide for plant managers 
and other supervisory workers, the methods, type of equipment used, and 
conditions influencing their use are described in some detail. In con- 
nection with the selection of methods, the cost data shown include only 
the costs of productive labor and equipment. Therefore, they cannot 
properly be used as a basis for comparison with actual plant costs for 


performing handling operations or for budgetary purposes. 
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SUMMARY 


fhe research which is the basis for this report was conducted in 
Washington State, which annually markets about one-third of the national 
supply of fresh apples. Each year more than 40 million boxes of unpacked 
apples are moved from orchards into the State's 252 packing and storage 
houses, which pack out about 27 million boxes. Exclusive of packing-line 
operations, each box of fruit is handled from 25 to 30 times during its 
movement into, within, and out of the storage house, and during an 
average season the total number of individual box handlings required 
approximates 500 million. To do this work during the peak season, when 
apples are being received and shipped at the same time, apple houses 
employ from 5 to 60 workers per 8- or 9=hour shift. This does not 
include workers in packing-line operations. 


In addition to their concern over large and increasing labor costs, 
plant operators also are concerned over the availability of the needed 
number of workers for performing warehousing operations by more conven- 
tional methods, particularly during the harvest season when plants 
compete with growers for labor. Another concern is the amount of storage 
life lest by fruit because of relatively slow rates of receiving at the 
plants by the older and more widely used methods. Directly associated 
with loss of storage life is the amount of bruising and other damage 
caused by rough and excessive handling. 


To assist plant operators in meeting these problems, research was 
undertaken: (1) To determine, under veriable conditions of significance 
to the industry, the comparative efficiency of various types and combi- 
nations of types of materials-handling equipment currently used in 
Washington State apple houses for performing the different handling or 
warehousing operations and to evaluate current methods of using these 
types of equipment, (2) to develop and test improved methods for using 
present equipment, (3) to introduce and test, under actual operating 
conditions in apple houses, some new types of equipment not in current 
use in Washington State plants, and (4) to develop and test new or 
improved types of equipment where needed to increase the efficiency with 
which specific operations are performed. 


In Washington State plants, apples usually are: (1) Unloaded from 
road trucks or orchard trailers and placed in storage, (2) moved from 
storage to the dumper at the head of the packing line, (3) moved from the 
stamping or marking station at the end of the packing line back to 
storage, and (4) moved out of storage and loaded into refrigerator cars 
or road trucks. Relatively small volumes of apples are: (1) Unloaded 
from road trucks and orchard trailers and moved directly to the packing 
line, and (2) moved from the packing line to refrigerator cars and trucks 
for loading out. In the first two of these cycles or groups of opera- 
tions, unpacked apples are handled and stored in standard northwest apple 
boxes having inside dimensions of 104 by 114 by 18 inches, or in field 
crates of comparable size, which when filled loose weigh roughly 35 pounds. 


In the last two cycles of operations, packed apples are handled in the 
same standard boxes or in fiberboard cartons. The carton used for tray- 
pack fruit has inside dimensions of 11-3/4 by 12-1/8 by 19-7/8 inches. 
The weight of a packed standard box is 50 pounds. 


Six principal types and combinations of types of materials-handling 
equipment are used in Washington State apple houses: (1) Clamp-type 
2-wheel hand trucks alone, (2) clamp-type 2-wheel hand trucks and belt 
conveyors, (3) clamp-type 2-wheel hand trucks and floor chain conveyors, 
(4) clamp-type 2-wheel hand trucks and elevators, (5) industrial clamp- 
type trucks, and (6) industrial fork-lift trucks and pallets. Other 
types of equipment used in certain cycles of operations are gravity-type 
roller conveyors, stackmakers, stackbreakers, pallet transfer dollies, 
and low-lift pallet transporters. 


By use of clamp-type 2-wheel hand trucks, 6-high stacks of boxes of 
unpacked fruit are handled as unit loads. As packed boxes are handled 
and stored on their sides, unit loads of these boxes sometimes are 
reduced to 5 boxes. This method of handling, in conjunction with which 
boxes above the original 5- or 6-high stacks in storage were manually 
high-piled and broken out of high piles, led to the development of a 
portable mechanical lift or high-piler which, since the completion of 
this research, has become a major type of equipment used in Washington 
State plants. 


Industrial clamp-type lift trucks handle either 24 or 36 boxes of 
unpacked fruit as unit loads in 6—box high-stacks and tier 12 boxes high. 
Dunnage strips are used between loads in the stack. Packed boxes of 
apples are handled in R0- and 30-box unit loads of 5-box-high stacks. 

This type of powered lift truck is being used in a number of older houses. 


Industrial fork-lift truck and pallet use is confined to newer 
houses designed for use of this equipment. Pallet loads of 36 or 48 boxes 
are handled. Pallet loads generally are tiered 3 loads high (18 boxes). 


Gravity-type roller conveyor sections are used in belt conveyor 
plants for unloading fruit from trucks and trailers and in nearly all 
plants for segregating packed boxes of fruit en route from the packing 
line to storage. 


Time studies of operations performed by use of various methods and 
types of equipment in selected plants provide data on the elapsed times 
required, or the rates of performing the cycles of operations that are 
not paced by the packing line, and the total labor and equipment require- 
ments in terms of specified outputs. Time studies also show the frequency 
and duration of delays and wait time occurring by use of different methods 
and provide the basis for developing improved methods. Data on labor and 
equipment requirements obtained through time studies, wage rates based on 
1951-52 levels, and estimates of per hour equipment costs based on assumed 
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annual hours of use, are used to compute total labor and equipmerit costs 
for the various cycles of operations by use of different methods and 
types of equipment. Management and facility costs are not included. 


"Current" wage rates are an average of wage rates paid during the 
1951-52 season in Washington State apple houses. These rates are 
$1.15 per hour for unskilled labor and $1.30 per hour for semiskilled or 
"key™ workers such as industrial truck operators. To show cost relation- 
ships if wage rates should increase further, "assumed" wage rates provide 
an increase of e5 cents per hour in "current" wage rates for both 
unskilled and semiskilled workers. Total labor and equipment costs have 
been recomputed on the basis of "assumed" rates. : 


Equipment costs include the costs of both owmership and operation, 
prorated on a per-hour basis. Ownership or fixed costs, which include 
interest, taxes, insurance premiums, and depreciation, are prorated on 
the basis of assumed annual hours of use in apple packing and storage 
houses. Operating or variable costs include inspection, servicing, 
maintenance, repairs, overhaul, and energy. Equipment cost estimates 
range from 2.4 cents per hour for clamp-type 2-wheel hand trucks to 
$3.21 per hour for freight elevators. Industrial truck costs range from 
$1.42 per hour for a 1,000-pound (24 box) capacity electric clamp-type 
truck to $2.28 per hour for a 4,000-pound (48 box) capacity electric 
fork-lift truck. Pallet costs are estimated on the basis of the time 
they are involved in handling operations rather than on storage time. 


Unloading and Moving Apples into Storage 


Seven combinations of types of materials-handling equipment are used 
for unloading boxes of unpacked fruit from road trucks and orchard 
trailers, transporting the fruit from the transportation equipment to 
storage points, and stacking in storage: (1) Clamp-type 2-wheel hand 
trucks, (2) belt conveyors and clamp-type 2-wheel hand trucks, (3) floor 
chain conveyors and clamp-type 2-wheel hand trucks, (4) belt conveyors, 
stackmakers, floor chain conveyors, and clamp-type 2e-wheel hand trucks, 
(5) elevators and clamp-type 2-wheel hand trucks, (6) industrial fork- - 
lift trucks and pallets, and (7) industrial clamp-type lift trucks. A 
number of different methods are used in connection with each equipment 
combination. Variations in methods principally are in crew sizes and in 
the use of temporary banks or blocks to break the sequence of operations 
in a cycle. In analyzing methods for receiving apples into storage, a 
standard transportation distance of 100 feet is used. When temporary 
banks are used, transportation distances are increased to allow for 
movement into and out of the banks. 


When 48-box pallet loads are built on road trucks in the orchard and 
these loads are removed from the road trucks at the plant and placed on 
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an apron for later movement to storage, the labor required by use of 
fork-lift trucks to unload and place 1,000 boxes of fruit in storage is 
0.96 of a man-hour. Pallet loads are stacked 3 high, or 18 boxes high. 
Labor and equipment costs when this method is used are $3.95 per 

1,000 boxes. When apples are moved directly from the road truck to 
storage, costs are increased $0.10 per 1,000 boxes. 


Industrial clamp trucks also are relatively efficient for receiving 
fruit from road trucks. The lowest cost method, using the 24-box- 
capacity truck, involves the use of clamp-type 2-wheel hand trucks to 
move 6-high stacks of boxes from the road truck bed to the receiving 
platform, where four of the stacks are picked up by the industrial truck, 
which transports them to and stacks them 12 boxes high in storage. Labor 
requirements per 1,000 boxes by this method are 2.86 man-hours. Labor 
and equipment costs are $5.72 per 1,000 boxes. 


The highest cost method of receiving fruit and placing it in storage 
is by use of elevators and clamp-type 2-wheel hand trucks. Fruit is 
manually high-piled above the 6-high stacks handled by hand trucks. Use 
of a method that involves only one elevator requires 11.92 man-hours of 
labor per 1,000 boxes to receive into storage, including manual high- 
piling in 12-box-high stacks. Labor and equipment costs for handling 
this volume are $18.71. When fruit is mechanically high-piled, these 
costs are reduced to $16.33 per 1,000 boxes. 


Belt-conveyor and hand-truck methods, plus manual high-piling, used 
in about 47 percent of the Washington State plants, also are relatively 
high-cost methods. By one of these method, which involves a 10-man crew, 
10.10 man-hours of labor per 1,000 boxes are required to unload, move to 
storage, and manually high-pile 12 boxes high. Labor and equipment costs 
are $12.54. These costs are reduced to $9.66 per 1,000 boxes when one 
worker and the portable mechanical lift are substituted for four workers 
manually hhigh-piling. 


Rates of receiving also are an important measure of the desirability 
of different equipment combinations and methods. When 48-box pallet 
loads are received and moved directly to storage, a 2-man crew with an 
industrial fork-lift truck can receive 8,600 boxes of fruit during an 
8—hour day. However, when boxes must be palletized at the plant, the 
rate drops to 2,300 boxes. Industrial clamp trucks of 24-box capacity, 
when used by a 2=-man crew, receive about 4,600 boxes per day, which is in 
line with receiving rates for other types of equipment. Floor chain con- 
veyors and hand trucks used by an 8=-man crew permit the highest receiving 
rate of the more conventional types of equipment, 6,300 boxes per 8-hour 
day. 


When fruit is received at the plant on orchard trailers, labor and 
equipment costs per 1,000 boxes range from $3.58, when 24-box industrial 
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clamp trucks are used, to $20.14 for hand trucks and elevators. 
Industrial fork-lift trucks also are relatively efficient. Costs for 
unloading when boxes arrive partially palletized are $3.81 per 

1,000 boxes. 


When boxes are unloaded from orchard trailers, receiving rates are 
somewhat slower than when received from road trucks. The highest rate 
of 8,000 boxes per 8-hour day is by use of industrial fork-lift trucks 
and pallets. This rate is attained only when boxes are completely 
palletized in the orchard. When none of the boxes are palletized, the 
rate drops to 3,200 boxes. Belt conveyors and hand trucks are relatively 
slow, and with them and a 5-man crew, only 3,400 boxes can be received 
per S-hour day. 


Unloading and Moving Apples to the Packing Line 


With belt conveyor and hand truck methods, five fewer handlings are 
required when fruit is unloaded and moved directly to the packing line 
than when fruit is moved to storage and later moved to the line. However, 
most plants prefer not to pack fruit as received warm from the orchard. 


The operations involved in unloading fruit and moving it directly to 
the dumper at the packing line are paced by the rate of the line, usually 
300 boxes per hour. However, to release road trucks as soon as possible, 
all methods make use of temporary banks near the dumper to break the 
sequence of operations and permit road trucks to be unloaded at normal 
rates. The same combinations of equipment are used for this cycle of. 
operations that are used for receiving into storage. Gravity—-type roller 
conveyors also are used for unloading from orchard trailers and moving to 
the packing line when the distance is not too great. Except for the 
eravity-type conveyor method, the transportation distance from the road 
truck or orchard trailer to the dumper has been standardized, for pur- 
poses of analysis, at 70 feet. 


Of the methods used for unloading from road trucks and moving to 
the packing line, the method requiring the least labor and incurring the 
lowest labor and equipment costs is that using industrial fork-lift 
trucks handling 48box pallet loads which were built on the road truck 
in the orchard. Labor requirements are 1.21 man-hours per 1,000 boxes. 
Labor and equipment costs are $4.78 per 1,000 boxes. Industrial clamp 
trucks are not relatively as efficient for use in this group of operations 
as in receiving into storage. Costs by this equipment are among the 
highest at $7.75 per 1,000 boxes. 


Because of the relatively short distance involved and low equipment 
costs, 2-wheel hand trucks are more efficient for this cycle of operations 
than other more widely used types of equipment. Costs by use of hand 
trucks are $6.28 per 1,000 boxes. 


Fruit can be unloaded from orchard trailers and moved 50 feet to the 
packing line by use of gravity roller conveyors at a total cost for labor 
and equipment of {2.60 per 1,000 boxes. For this method, equipment costs 
are low and wait time, inherent in most other methods, is eliminated. 

The conveyor lines serve as accumulators or banks of supply. When hand 
trucks alone are used for unloading from orchard trailers, labor and 
equipment costs are higher than for unloading from road trucks, $8.23 per 
1,000 boxes as compared with $6.28. Industrial fork-lift trucks, handling 
48-box pallet loads built after arrival of the truck at the plant, incur 
costs of $6.02 per 1,000 boxes. 


Moving Apples from Storage to the Packing Line 


The operations required in breaking out boxes of unpacked fruit 
from storage stacks and moving them to the packing line also are paced 
by the rate of about 300 boxes per hour at which fruit is run through 
the line, All methods and types of equipment used for performing this 
group of operations involve the use either of temporary banks or blocks 
near the dumper, or accumulators which break the interdependence of 
operations performed in direct sequence and minimize wait time. Trans—- 
portation distances are standardized at 190 feet for analytical purposes. 


Only 0.67 of a man-hour of labor is required to break out and move 
1,000 boxes of apples to the packing line in 48-box pallet loads by use 
of an industrial fork-lift truck when an accumulator, consisting of 
30 feet of gravity-type roller conveyor, is used at the dumper. However, 
if the truck and operator must remain on duty full time to move pallet 
loads of apples to the dumper as they are required, labor is increased to 
5.553 man-hours per 1,000 boxes and the truck is required for the same 
period. Labor and equipment costs per 1,000 boxes by use of the first 
method are %4.06. By use of the latter method, costs are increased to 
wl3.27. The 24-box industrial clamp truck is almost as efficient when 
used with a floor chain conveyor accumulator at the dumper. Costs are 
$4.53 per 1,000 boxes. 


When 500 of each 1,000 boxes moved to the line are manually broken 
out of 12-box-high stacks, the highest cost method is by use of hand 
trucks and a single elevator. Labor and equipment costs are #21.08 per 
1,000 boxes. Substitution of the mechanical break-out method for the 
manual method does not materially reduce these costs. 


Among the more conventional types of equipment, the combination of 
equipment in which the high-piler is used for breaking out boxes from 
1le-high stacks, and floor chain conveyors and hand trucks are used for 
transporting, incurs the lowest costs. By use of this combination of 
equipment, labor and equipment costs are $8.33 per 1,000 boxes. This 
method eliminates one worker from the usual 3-man crew and uses the 
floor chain conveyor as an accumulator. 
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Moving Apples from the Packing Line to Storage 


In moving fruit from the packing line back to storage, six basic 
types and combinations of types of equipment are used. They are: 
(1) Clamp-type 2-wheel hand trucks and gravity roller conveyors, 
(2) belt conveyors, clamp-type 2-wheel hand trucks, and gravity roller 
conveyors, (3) elevators, clamp-type 2-wheel hand trucks, and gravity 
roller conveyors, (4) industrial fork-lift trucks, pallets, and gravity 
roller conveyors, (5) low-lift pallet transporter, industrial fork-lift 
truck, pallets, and gravity roller conveyors, and (6) industrial clamp- 
type lift trucks and gravity roller conveyors. : 


After boxes have been packed, the practice is to handle them on 
their sides. This is necessary with bulge-packed fruit because stacking 
the boxes one on top of the other, right side up, would result in much 
bruised fruit. However, since the width of the standard box is 1 inch 
greater than the height and because of the increased weight of packed 
boxes, they generally are handled in 5-high stacks instead of the 6-high 
stacks used when handling loose fruit. This stacking height is followed 
when apples are handled with industrial equipment as well as clamp—-type 
e-wheel hand trucks. 


In performing the sequence of operations in taking the boxes from 
the packing line back to storage, it is necessary to segregate the fruit 
by grade, size, and variety. This segregation is usually done in a 
special area. Boxes are conveyed to this area and the worker doing the 
segregation picks up each box manually off a gravity conveyor, which 
serves as an accumulator, and places the packed boxes in appropriate 
stacks or unit loads. The rate at which this work can be performed is 
geared to the production rate of the packing line, which is about 
210 packed boxes per hour. As a result, the segregator must wait for 
work during much of the day. 


For purposes of comparing the different methods of performing this 
cycle of operations, the following assumptions are made: (1) One 
15-foot section of gravity roller conveyor for segregation is included 
in all operations, and (2) transportation distance is standardized at 
160 feet, or a total of 175 feet. 


Labor requirements for the different methods ranged from a low of 
5.43 man-hours per 1,000 packed boxes by the fork-lift truck and pallet 
method to 19.04 man-hours per 1,000 packed boxes by both clamp-type 
e-wheel hand truck method and elevator and clamp-type 2-wheel hand truck 
method, The belt conveyor and clamp-type 2-wheel hand truck method 
required 14.28 man-hours, whereas the industrial clamp-type lift truck 
and low-lift pallet transporter, fork-lift truck, and pallets took 
respectively 6.31 and 6,22 man-hours per 1,000 packed boxes. 
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The lowest cost--»9.41 per 1,000 packed boxes--for equipment and 
labor combined--was obtained with the industrial fork-lift truck and 
pallets. The costs for the industrial clamp-type lift truck almost 
equaled this, being only $0.47 higher. The highest cost method involves 
use of the elevator in combination with the clamp-type 2-wheel hand 
truck. Costs with this method amounted to $32.25 per 1,000 boxes; almost 
three and one-half times the cost of the most efficient method. Total 
costs for the clamp-type 2-wheel hand truck method were $22.43 per 
1,000 boxes, for the belt conveyor and clamp-type 2-wheel hand truck 
method, $20.79, and for the low-lift pallet transporter, fork-lift truck, 
and pallets, $12.71. 


Moving Apples Out of Storage and Loading Out 


The cycle of operations involved in moving packed boxes of apples 
from storage and loading them out into refrigerated railroad cars was 
performed with nine different types and combinations of types of equip- 
ment. These include: (1) Clamp-type 2-wheel hand trucks, (2) belt 
conveyors, gravity roller conveyors, and clamp-type 2-wheel hand trucks, 
(3) floor chain conveyors and clamp-type 2-wheel hand trucks, (4) elevators 
and clamp-type 2-wheel hand trucks, (5) industrial fork-lift truck and 
pallets, (6) industrial fork-lift truck, pallets, belt conveyors, and 
gravity roller conveyors, (7) industrial fork-lift truck, pallets, and 
pallet dolly, (8) industrial fork-lift truck, low-lift pallet transporter, 
pallets, belt conveyors, and gravity roller conveyors, and (9) industrial 
clamp-type lift truck, belt conveyors, and gravity roller conveyors. 


Refrigerated railroad cars usually are loaded with 798 standard 
boxes before being moved to a consuming area or in-transit storage. 
However, some cars are loaded with 756 boxes and others with 840 boxes. 
The 798-box load is used for comparative purposes. In the cycle of 
operations in placing these loads in refrigerator cars, it is necessary 
that: (1) The load be blocked out, (2) load be manifested for shipment, 
(3) boxes be moved from storage point to the railroad car, (4) boxes be 
stowed, (5) boxes be stripped for stability in transit, and (6) boxes be 
braced on either side of the doorway or filled in solid to keep the load 
from shifting. Occasionally, it is necessary that boxes, not already 
labeled, be labeled in the car during the loading. 


For comparative purposes, it is assumed for all methods that: 
(1) The fruit is blocked out and ready to bring to the car so that the 
carloading crew will not be delayed by the crew bringing up the fruit, 
and (2) the fruit is assumed to be moved a distance of 110 feet from 
storage to car, 


When industrial fork-lift truck, pallets, belt conveyor, and gravity 
roller conveyor were used for this cycle of operation the lowest labor 
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requirements--7.40 man-hours per 1,000 boxes--were obtained. This 

method was followed closely by all other methods which employed 
industrial fork-lift trucks or industrial clamp-type lift trucks. 

Labor for these methods ranged from 7.69 man-hours per 1,000 packed 

boxes to &.68 man-hours. The elevator and clamp-type 2-wheel hand truck 
method was the least efficient--requiring 13.40 man-hours per 1,000 packed 
boxes. 


Costs for both labor and equipment combined varied only ¢7.40 per 
1,000 packed boxes. The clamp-type 2-wheel hand truck method had the 
lowest cost, $12.37 per 1,000 packed boxes, whereas the elevator and 
clamp—type 2-wheel hand truck method showed the highest cost, $20.77. 
The rest of the methods, with one exception which showed a cost of $17, 
fell into a very narrow range between the two extremes mentioned. 


The loading out of refrigerated highway trucks is quite similar to 
that of refrigerated railroad cars. Loads vary a great deal, much more 
than with railroad cars, ranging from 600 to 800 standard boxes. 
Blocking out fruit as well as other operations are essentially the same, 
except that no stripping or bracing needs to be done. 


Moving packed boxes of apples from storage and loading out highway 
truck was performed by the following: (1) Clamp-type 2-wheel hand 
trucks, (2) belt conveyor and clamp-type 2-wheel hand trucks, and 
(3) industrial fork-lift truck and pallet dolly. Transportation dis- 
tance from blocking out point to highway truck was standardized at 
130 feet. 


Of these methods, the industrial truck required the least amount of 
labor, 5.51 man-hours per 1,000 packed boxes. The clamp-type 2-wheel 
hand truck was next with 9.83 man-hours, and the belt conveyor and clamp- 
type 2-wheel hand truck was highest with 11.73 man-hours. Because of the 
high equipment costs for the industrial fork-lift truck, the clamp-type 
2-wheel hand truck was the lowest cost method--$11.42 per 1,000 packed 
boxes. 


Moving Apples from the Packing Line and Loading Out 


Moving apples directly from the packing line and loading them 
directly into refrigerated railroad cars or highway trucks is not a 
practice commonly followed in Washington State. However, when it is 
done two methods are used: (1) Move the fruit through a segregation 
area, and set aside in a block-out area the boxes which are to be loaded, 
and (2) move part of the flow of fruit from the packing line into the 
carrier. 


The common practice is to follow the first method; that is, to run 
the fruit through the segregation area and select the sizes needed for 
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the load. These boxes are moved to the blocking-out area and the rest 
are sent to storage. The labor involved in this method is no different 
from that in regular carloading when the fruit is moved from storage. 


In using the latter method, the rate of loading is geared to the 
rate of the packing line, which is about 210 packed boxes per hour. 
Depending on the sizes and grades called for in the manifest, it would 
require 4 to 8 hours of elapsed time to load a 798-box car. 


This method requires 5.88 man-hours per 1,000 packed boxes and a 
total labor and equipment cost of $10.90 per 1,000 boxes. The labor 
requirements are low but elapsed time is high. However, one advantage 
is that one handling operation, moving the packed fruit back to storage, 
is eliminated. 


Moving Apples Into, Within, and Out of Storage Houses 


Labor and equipment costs per 1,000 boxes for performing all four 
of the cycles of operations required in receiving from road trucks, 
moving fruit through the plant, and loading into refrigerator cars, when 
both packed and unpacked boxes of fruit are stored by common and improved 
methods, by use of the five principal types or combinations of types of 
equipment are: 


Costs 
Common ; Improved 
Type of equipment and method: method : method 
Dollars Dollars 
Clamp-type 2-wheel hand trucks 56.03 48.94 
Belt conveyors and clamp-—type 2-wheel hand trucks 60.26 50.23 


Floor chain conveyors and clamp—type 2~wheel hand 
trucks (belt conveyors and hand trucks are used for 


moving packed boxes to storage) 54.62 46.56 
Industrial clamp-type lift trucks-—-24-box capacity 37.75 85.55 
Industrial fork-lift trucks and 48-box pallets 51.99 51.89 


When apples are moved directly to the packing line from road trucks, 
moved from packing line to storage, and then loaded into railroad cars the 
labor and equipment costs per 1,000 boxes for the three cycles of opera- 
tions are: 


Type of equipment and method: Costs 
Dollars 

Clamp-type 2-wheel hand trucks 39.30 

Belt conveyors and clamp-type 2-wheel hand trucks 36.56 


Floor chain conveyors and clamp-type 2-wheel hand 
trucks (belt conveyors and hand trucks are used for 


moving packed boxes to storage) 36.85 
Industrial clamp-type lift trucks--24—-box capacity 32.50 
Industrial fork-lift trucks and 48-box pallets 28.66 


- XV - 


Ye 
ri 
i 


w 


X APPLE HANDLING METHODS AND EQUIPMENT IN PACIFIC NORTHWEST 
PACKING AND STORAGE HOUSES » a 


Y 


/ iw) en | , = 

By Earl W. Carlsen, director of feséarch, 
D. Loyd Hunter, industrial engineer, and 
Raoul S. Duerden, industrial engineer, 
Washington State Apple Commission 


and 


Joseph F. Herrick, ~Jr,, agricultural economist 
Marketing and Facilities Research Branch 
Production and Marketing Administration 


INTRODUCTION 


Marketing the Nation's apple crop involves the physical handling each 
year of millions of boxes of fruit. In the marketing channel these han- 
dling operations begin when the fruit leaves the orchard and end when it 
leaves the retail store. Between these stages of the marketing channel 
for fresh apples, each box of fruit is handled from 25 to 30 times, the 
exact number depending on the methods of handling used and the kinds of 
facilities through which it is moved. These handlings occur in trans- 
porting fruit from the orchard to the plant, in the storage and packing 
plant, in transporting fruit from producing areas to consuming centers, 
in the terminal markets, in transporting fruit from the wholesale market 
to retail outlets, and in the retail stores. A relatively large number 
of these handlings take place in packing and storage houses. In these 
facilities, handlings are necessary in receiving fruit from the orchard 
and placing it in storage, moving unpacked boxes of fruit from the stor- 
age room to the packing line, moving packed boxes from the packing line 
to storage, and finally moving packed boxes out of storage and loading 
into refrigerator cars and motortrucks. These handlings do not include 
dumping, cleaning, sorting, sizing, packing, lidding, and other operations 
in the pecking line. 


The total work involved annually in apple-handling operations in 
producing areas throughout the United States can be indicated by the 
size of the job in Washington State, which markets about one-third of 
the national supply of fresh apples. Each season in that State more 
than 40 million boxes of apples are moved from the orchards, placed in 
storage in packing houses, and later moved out of storage to the packing 
line. Most of the 27 million boxes of fruit packed out from this volume 
goes back into storage and later is moved out of storage and loaded out 
for shipment to terminal markets. During each of these four cycles or 
groups of operations in the plant, each box is handled from one to three 
times, depending on the types of materials-handling equipment used. Thus, 
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in a typical season the total number of individual box handlings, 
excluding operations in the packing line, approximates 500 million. 


To perform these physical-handling operations, each of the 252 
packing and storage plants operating in the State during the 1950-51 
season employed, at the peak of their operations (the period when fruit 
was being received, stored, packed, and shipped), from 5 to 60 workers 
per 8- or 9-hour shift. Workers employed for packing-line operations 
were in addition to these numbers. Of the total labor, other than office 
workers, employed in these plants, it is estimated that roughly 40 percent 
is used for performing materials-handling or warehousing operations and 
60 percent for packing line operations. 


However, the total of wages paid to this labor, which is one of the 
largest items in the cost of marketing apples, is not the only problem in 
connection with handling operations that concerns plant operators. Plant- 
handling operations, particularly during the harvest season, must proceed 
with dispatch since the market quality of apples is affected adversely if 
the fruit remains in the orchard for any substantial time after it is 
picked. For each day apples remain in the orchard after they are picked, 
or remain in the open at usual orchard temperatures, 10 days of storage 
life is lost. For this reason, during the period when apples are being 
received at the plant, plant operators may be more interested in reducing 
the elapsed time of receiving than they are in increasing the efficiency 
of operations. The addition of crews at the plant to increase the rate 
of receiving operations means that plants are in competition with orchards 
for the labor needed to pick fruit at its proper stage of maturity. 


The necessity for obtaining adequate labor at the proper time for 
harvesting apples is indicated by the fact that Delicious varieties, which 
account for roughly 60 percent of the total tonnage in Washington State, 
should be picked and moved into storage within a 10-day period to retain 
the potential storage life of the fruit. If the full storage life is not 
retained, the Delicious will not keep for the late marketing season and 
may become unsalable. 


Even when apples are harvested at the proper stage of maturity and 
moved promptly into storage, maintenance of quality is an important con- 
sideration in handling and storage operations. Each of the 10 or 15 
separate handlings of a box of apples causes some bruising or other damage 
to the fruit. Research by the Washington State Apple Commission, in which 
shock recorders were placed in boxes of fruit, showed that when boxes of 
fruit are handled individually, by use of most methods, they nearly always 
receive a serious impact that bruises some of the fruit. By reducing 
the number of handlings, through adoption of the unit-load principle and 
improving or simplifying work methods, much of the fruit quality lost 
through bruising and other injuries can be retained. 1/ 


1/ H. T. and S. Office Report No. 211, “Investigation of Apple 
Bruising,” Bureau of Plant Industry, Soils, and Agricultural Engineering, 
USDA, Wenatchee, Wash., 1948-49, 
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Although it might appear that the large, and increasing, costs of 
materials handling in apple-packing and storage houses by use of current 
methods, and the resultant loss of quality, would force adoption of im- 
proved methods, this has not been the case, since the type of box, method 
of refrigeration, plant design and layout, type of packing layout, type 
of packing equipment, and fruit-handling practices, in most cases, have 
evolved a somewhat integrated system. The industry has been tooled up in 
this specialized way for 20 or 30 years, making it difficult to initiate 
a change in one operation without changing the entire system. Few private 
firms in the apple industry, where the size of the individual business is 
relatively small, are in position to finance research needed to develop 
improved methods and equipment and to measure the comparative costs of 
various methods and innovations on an industry-wide basis. 


Objectives of the Research 


The research which is the basis for this report was undertaken to 
find ways, on an industry-wide basis, for increasing the productivity of 
labor employed in apple-packing and storage houses for performing fruit 
handling operations, thus making possible increases in the rates for per- 
forming critical operations during harvest periods, and reductions in 
total labor costs. Since one of the ways for making labor more productive 
is by reducing the number of times individual boxes of fruit are handled, 
the research also was aimed at maintaining fruit quality. 


The specific objectives of this research were: (1) To determine, 
under variable conditions of significance to the industry, the compara- 
tive efficiency of various types and combinations of types of materials- 
handling equipment currently used in Washington State apple houses for 
performing the different handling or warehousing operations and to 
evaluate current methods of using these types of equipment, (2) to develop 
and test improved methods for using present equipment, (3) to introduce 
and test, under actual operating conditions in apple houses, some of the 
new types of equipment not in current use in Washington State plants, and 
(4) to develop and test new or improved types of equipment where needed 
to increase the efficiency with which specific operations are performed. 


Although this research was conducted in Washington State, where a 
relatively large number of types of materials-handling equipment was 
available for study in apple packing and storage houses under a wide 
variety of conditions that affect the efficiency with which handling 
operations are performed, the data developed should have applicability 
to commercial (non-farm) apple houses in other areas. With interpola- 
tions, these data also may be applicable to operations in farm storage 
houses, which usually are of smaller capacity than commercial houses. 


me ie 
Research Methods and Techniques 


Materials-handling research was conducted in apple packing and 
storage houses selected to provide coverage of all basic types of equip- 
ment that were currently in use and all significant variables that affect 
the use of the equipment. Included among these variables are: (1) The 
layout and design of the plant, (2) types of packages handled, and 
(3) types and sizes of trucks, trailers, and refrigerator cars from which 
apples are unloaded or into which they are loaded. Variables in plant 
layout and design include such factors as: (1) The number of floors on 
which or between which apples are handled (single story versus multistory 
handling); (2) the dimensions of the plant, which affect in-plant trans- 
portation distances; (3) ceiling heights of storage rooms, which govern 
stacking heights; (4) number and spacing of columns; (5) surface of floors 
over which equipment is operated; (6) height and width of platforms, and 
(7) height and width of doors. 


To obtain data on these variables, which would provide a basis for 
selecting plants for case studies, a survey was conducted of a sample of 
plants, using the following procedure: 


On the basis of plant layout and design and types or combinations 
of types of equipment used in performing materials-handling operations, 
preliminary observations and secondary information indicated that there 
are five different types of commercial apple packing and storage plants 
in the State of Washington. To determine the significant variables 
that should be considered in materials-handling research, it was pro- 
posed to sample at the following rates: 


Number of plants of Number to be 
given type in population included in sample 

12 or fewer all 

fc eee i) 12 

16 ="20 14 

21 - 25 17 

26 - 30 19 

31 - 35 20 

36 - ko 22 

hi - 45 23 

46 - 50 2k 
more than 50 25 


In the event that more than five basic types of plants 
were discovered, it was decided that these would be included in the 
survey and sampled at the same rate as indicated above. 


This survey corroborated preliminary observations with respect to 
the five basic types of plants and showed that a sixth type existed. It 
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also provided data on variables applicable to each of the six types which 
were needed in selecting case study plants. 


Time studies of fruit-handling operations, as performed by various 
methods, were made in selected plants to: (1) Determine the elapsed time 
required, (2) determine the total man-hours of labor required and the 
total machine-hours of equipment use required, (3) determine where delays, 
wait time, and other unproductive time occurred during the performance of 
the operation, and (4) develop improved methods for performing the 
operation. 


Elapsed times were determined as a basis for comparing the speeds or 
rates at which given operations are performed by various methods--a factor 
that is highly important in receiving fruit at the storage plant during 
the harvest season. Elapsed times also provide a basis for computing 
total labor and equipment inputs. These input data were computed as a 
basis for comparing the relative efficiency of methods for performing the 
same operation. 


A determination of the sequence and magnitude of delays, wait time, 
and other unproductive time, in part, provided the basis for developing 
improved methods in which either the same types of equipment are used or 
in which new types are introduced. 


Time studies were conducted in accordance with approved techniques 
by use of stop watches. As a means of obtaining comparability of data 
from time study observations, four men spent an initial period working 
together during which special emphasis was given to the rates at which 
workers performed. Estimates of these rates were used as a basis for 
leveling time study data in terms of a "normal" rate. Extraneous factors 
were eliminated in making time studies so as to avoid the effect of dis- 
ruptions to work procedures. As many as 15 different time study observa- 
tions were made of some methods for performing warehouse operations. 
Data from these studies were frequently checked for reliability. 2/ 


The costs of ownership and operation of various types of materials- 
handling equipment, which have been used for computing total equipment 
costs for performing handling operations, were obtained through accounting 
analyses made in selected plants and through cost records maintained on 
special forms by cooperating plant operators. Other data were obtained 
through surveys of equipment manufacturers, insurance companies, and tax 
officials. 


Data on prevailing wage rates in Washington State apple plants during 
the 1951-52 season, which have been used for computing total labor costs 
for performing handling operations, were obtained through interviews with 
plant managers, labor union officials, and others. 


2/ Standard error of the mean was used most commonly. 
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In the sections of the report that follow, labor and equipment costs 
for performing various fruit-handling operations by use of specified 
methods and types of equipment have been computed. These costs provide a 
basis for comparing the relative efficiency of different methods and types 
of equipment under variable conditions. They were computed because valid 
comparisons cannot be made solely on the basis of physical labor and equip- 
ment inputs. That is, man-hours of labor and machine-hours of equipment 
use cannot be totaled as a basis for making comparisons. Nor can valid 
comparisons be made solely on the basis of labor requirements, unless 
equipment costs are constant. 


Labor costs shown in these computations are based on the productive 
labor required to perform the operation, plus the amount of idle time 
inherent in the method. The amount of time lost by workers in moving 
from one job to another, waiting for trucks to arrive for unloading, and 
other idle time not inherent in the method, is not included in these costs. 
Since nonproductive time may, in some instances, account for as much as 
50 percent of the total man-hours of labor employed in a plant, the inclu- 
sion of unproductive time, not inherent in the method, would destroy the 
cost relationships. 


Moreover, because of the variability of management and facility costs 
between plants of the same capacity and output, these costs have not been 
included in the costs shown for performing fruit-handling operations by 
use of different methods and types of equipment. Therefore, the cost 
data shown do not reflect total costs to the plant and should not be used 
by plant managers for budgetary purposes. However, in plants that allo- 
cate labor and equipment costs to various operations, these costs might 
serve as desirable goals to be attained in achieving cost reductions. — 


Principal Types of Materials-Handling Equipment Used 


One of the principal types of fruit-handling equipment used in 
Washington State apple houses is the clamp-type 2-wheel hand truck with a 
stevedore frame (fig. 1). Instead of using a stevedore lip as a means 
of supporting the boxes, the clamp truck has two arms which grasp the 
boxes and clamp in from the sides when motivated by a foot-operated lever. 
These arms have a sharp blade or prong on their inside edge which jabs 
into the end of the box or slips underneath the edges of the box ends 
(fig. 2). With this type of hand truck, six boxes usually are handled as 
@ unit load. Occasionally seven or even eight boxes of unpacked fruit are 
handled per load, but when packed fruit is being handled the load may be 

limited to five boxes. 


Belt conveyors used in the Washington State apple houses usually are 
constructed of wood or metal frames, with wood or steel rollers, over 
which 12- to 14-inch belts are pulled to provide the conveying surface. 


Figure 1.--Clamp-type 2-wheel hand truck. Figure 2.--Clamping onto a stack of boxes 
with a hand truck. 


These conveyors are built in 
sections that vary considerably in 
length, depending on the layout of 
the plant and the capacity of the 
motors used (fig. 3). 


A 100-foot section of belt 
conveyor usually is composed of 
the following parts: (1) 205 feet 
of 4-ply rubber-impregnated canvas 
belting about 12 inches wide, 

(2) one gear head 2 horsepower 
electric motor, (3) one drive 
Figure 3.--Belt conveyor carrying boxes roller, (4+) two idle end rollers, 


of apples. 
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(5) nine metal or wooden supports 
to hold the conveyor about 24 inches 
above floor level, and (6) 10-foot 
sections of metal or wooden rollers 
about 16 inches wide. To the 
standard belt conveyor can be added 
such attachments as "dip and load" 
sections, "curved end" sections, 
"power chain turns" and "dead 
roller" sections (fig. 4). Boxes 
may be moved from one conveyor to 
another either by gravity or power 
curves which carry boxes around 
corners, or by a section of curved 
dead rollers between the two con- 
veyor units. Belt conveyors are 
used extensively to move the boxes 


of fruit between floors. In recent Figure 4.--Roller conveyor extension 
years a few firms have made use of to a belt conveyor used in unloading 
sections of flexible dead roller a truck, 


conveyors for car loading. 


Among the newer types of materials-handling equipment in use in 
Washington State apple houses are the industrial fork-lift truck, indus- 
trial clamp truck, and floor chain conveyor. These are now in commercial 
use in a few plants. In addition, other types of equipment, used experi- 
mentally during the course of this research project, are just being put 
into commercial use and will be discussed in the body of the report. 
Fork-lift trucks used in apple houses are of the same general design as 
fork-lift trucks used in other industries (fig. 5). They usually are - 


Figure 5.--Industrial fork-lift truck. 
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equipped with four-inch forks of sufficient length to lift and transport 
ho- by 48-inch or 36- by 40-inch pallets. The trucks handle pallet loads 
of unpacked apples stacked six boxes high, and packed fruit stacked five 
boxes high. 


The industrial clamp truck has the same body and chassis as the 
fork-lift truck. The forks have been replaced by a set of arms that can 
be spread and narrowed hydraulically (fig. 6). When the lift truck is 
rolled forward, these clamps grasp a unit load of boxes with hydraulically 
regulated pressure. While the boxes are squeezed closely together the 
load is lifted and transported. Some industrial clamp trucks have broad 
clamps surfaced with rubber, to permit more secure handling of boxes and 
for handling cartons. 


Ss 


Figure 6.--Industrial clamp-lift truck. 


Industrial clamp trucks are either of 36- or 24-box unit load 
capacity when handling loose fruit. When handling packed fruit, the 
load is limited to 20 or 30 boxes stacked 5 high. 


The floor chain conveyor consists of a pair of link chains that run 
in parallel channels countersunk in the floor (fig. 7). The two chains 
travel at the same speed and are capable of moving a series of stacks of 
boxes along a floor between two fixed points. This is more or less 
auxiliary or supplementary equipment, and is usually, if not always, 
employed in combination with the clamp-type 2-wheel hand truck. 
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Among the less important types 
of equipment used are the stack- 
maker, the stackbreaker, and the 
pallet transfer dolly. Stackmakers 
remove boxes, one at a time, from 
the end of the belt conveyors and 
build them into 6-high stacks. One 
plant uses the stackmaker to build 
unit loads going into a stack- 
dumper. 3/ Another plant uses this 
equipment to build unit loads at 
the end of a belt conveyor on the 
third floor of the building, at 
which point the stacks move onto a 
floor chain conveyor. 


The stackbreaker breaks down 
6-high stacks of boxes so that they 
can be conveyed one box at a time. 
In some cases, stackbreakers are 
used to break stacks going into 
automatic dumpers. 
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Pallet transfer dollies con- 
sist of a set of rollers with a 
small frame on top. A pallet load 
Figure 7.--Floor chain conveyor in a cold placed on top of the frame can be 
storage room. moved inside refrigerator cars. 
It is used in only two or three 
plants to assist with car loading. 


Types of Packages Handled 


The standard Northwest apple box is the principal type of container 
used in Washington State for handling both packed and unpacked fruit. 
Its inside dimensions are 10-4 by 11-3 by 18 inches (fig. 8). This box 
is made of shook, usually 9/32 inches in thickness on the sides and 
11/16 inches on the ends. Tops and bottoms are made of thinner shook so 
that the wood will spring over the bulge of the fruit as it is lidded. 


The industry practice is to use the standard Northwest apple box 
both as a field box and as a shipping container. After boxes are made 


3/ A stackdumper is an automatic dumper used by a number of 


Washington State apple houses. Stacks of boxes are moved on a floor 
chain into the dumper mechanism. After a stack of boxes is in the dump- 
ing position, individual boxes are lifted mechanically off the stack and 
their contents dumped into the washer. 


up they are taken to the orchard 
and distributed under the trees. 
The fruit is picked and placed in 
boxes with no fruit higher than the 
top level of the box. The boxes of 
apples are then moved to storage. 
Later, after the fruit has been 
dumped from the container at the 
packing line, the same box is sent 
forward on conveyors, and the 
packers wrap and pack fruit into 
them. Packed boxes are then lidded 
and either moved to storage or 
directly to a refrigerator car for 
shipment (fig. 9). 


Figure 8.--Standard apple box. 


Because of the increased use of 
cartons for packed fruit, a special field box is now being used more 
extensively. These boxes usually have the same inside dimensions as the 
standard apple box. The bottom and ends are of thicker material, and 
the inside corners usually are reinforced with corner posts (fig. 10). 4/ 


Figure 9.--Standard apple box (packed Figure 10.--Field apple box. 
and lidded). 


The weight of an unpacked standard box of apples is roughly 35 pounds. 
Boxes of unpacked fruit are not lidded and must be handled accordingly. 
The weight of a packed standard box is 50 pounds. Packed boxes are 
lidded before leaving the packing line and are handled and stacked on 
the side. 


h/ A few firms in the Yakima area use a shallower and longer field 
container for their pear operations. These are mostly for cannery 
fruit. In some seasons, pear lugs may be available for handling apples. 
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Another type of container used for shipping apples is the cardboard 
carton. This carton is of regular slotted design (flap top) introduced 
by the Washington State Apple Commission Research Department, in 1949 
(fig. 11). The greatest use of this carton is for tray-pack fruit 
(fig. 12). Molded pulpboard trays are used to hold apples in place dur- 
ing shipping. This carton usually has the following inside dimensions: 
11-3/4 by 12-1/8 by 19-7/8 inches. 


Figure 11.--Regular slotted carton. Figure 12.--Cross-section of a tray 
packed regular slotted carton. 


Introduced recently as a master container for consumer-size packages 
is another carton having inside dimensions of 23-¢ by ll by 12-4 inches, 
which is referred to as a bonding carton. Its use has been limited. 
Most firms prepackaging apples use tray packed cartons as master con- 
tainers. In addition to these, a few other package types are used in 
Washington State, but none of major importance in connection with 
materials-handling operations. 


Description of Fruit-Handling Operations 
in Apple Packing and Storage Houses 


In Washington State, apples are moved from the orchard to the 
packing plant either by orchard trailers or road trucks, and are unloaded 
there. When brought in by orchard trailers the usual load is 144 boxes, 
stacked in 3-high tiers on the trailer bed. When transported on road 
trucks, the usual load is 288 boxes stacked in 6-high tiers. After the 
fruit is unloaded, it usually is moved into cold storage rooms where it 
is stored for a time or "pre-cooled" before being moved to the packing 
line. In some houses, to avoid extra handling, fruit is moved directly 
to the packing line as it is being received. In either case, receiving 
consists of unloading the fruit from road trucks or orchard trailers as 
it arrives from the orchard and moving it into cold storage or to the 
packing line (fig. 13). 
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Many plants try to schedule 
their operations so that all fruit 
is received into designated cold 
storage rooms, later moved to the 
packing line, packed, and returned 
to different cold storage rooms. 
Thus in receiving to storage during 
the harvest season, one room, or 
part of a plant, may handle many 
more boxes of fruit than its abso- 
lute storage capacity. 


In a relatively large number of 
plants, boxes of fruit must be high- 
piled in storage rooms as they are 
received. High-piling usually con- 
sists of manually lifting boxes of Figure 13.--Unloading a road truck at a 
fruit and stacking them on top of belt conveyor-hand truck plant. 
rows of original 6-high stacks of 
boxes. Many plants store unpacked 
boxes of fruit 12 boxes high--a few as high as 14. Other plants high- 
pile 8 or 9 high, depending on storage room designs. The high-piling 
operation consists of elevating boxes to the top of the stacks, which is 
usually done by one worker handing boxes up to another, who in turn 
places them on top of the stacks to complete building the high pile 
(fig. 14). When the stack is not higher than 8 boxes, the operation 
usually is performed by one worker on the floor who lifts and positions 
the boxes on top of the stack. One operation was observed where a tall 
man was used to high-pile 9 boxes from the floor. 


Figure 14.--High-piling unpacked boxes of fruit 12 high. 
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When the fruit is moved from storage to the packing line, the 
high-piled fruit usually is broken out by workers handing boxes down to 
other workers who build 6-high stacks on the floor. In a hand truck 
operation, these stacks are hand trucked to the washer, and in the belt- 
conveyor operation they are trucked to a belt conveyor where workers 
place the boxes one at a time on the belt carrying the fruit to the pack- 
ing line. In fork-lift truck and industrial clamp truck operations, the 
trucks break out boxes of fruit from the stack and transport them to the 
packing line. Z 


After they are packed, the boxes of apples are returned to storage 
or moved for loading out to refrigerator cars and motortrucks. In either 
case, the fruit usually must be segregated unless an unusual sale has 
been made of a natural run of sizes and grades. As they leave the pack- 
ing line, packed boxes already are on a belt conveyor which can be 
connected with other conveyors, and the fruit usually is moved either to 
the railroad car or to the segregation area. 


In plants where industrial trucks are used for handling apples, the 
segregation area is a special room or part of a room. In the conventional 
older-type plants, segregation is done in the cold storage room where the 
fruit is to be stored. 


Segregation consists of removing packed boxes of fruit from the belt 
conveyor and placing each box, in accordance with grade and size, in 
separate stacks. Some plants segregate the fruit into individual sizes, 
other plants group two or three sizes. When the belt-conveyor-hand- 
truck methods are used, segregated fruit is stacked five or six boxes 
high (fig. 15). In industrial truck operations, the segregated stacks 


Figure 15.--Segregating packed cartons of apples in a belt 
conveyor-hand truck plant. 
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are blocked into unit loads of 20, 30, or 40 boxes, depending on the 
capacity of the industrial truck used. 


When fruit is moved directly from the packing line to the refrigerator 
car or motortruck for loading, segregation consists of removing from the belt 
conveyor the grades and sizes that are not to be loaded. The conveyor is 
set so that fruit moves continuously into the car. The fruit removed from 
the conveyor is moved into storage. 


Moving packed boxes of fruit from storage for loading out is similar 
to operations previously described. Boxes are broken out of high piles 
and transported with hand trucks or industrial trucks to the refrigerator 
car, or placed on belt conveyors leading to the car. 


Fruit that is to be shipped is "blocked out" before the loading 
operation begins. Blocking out consists of setting aside in a separate 
area the proper number of boxes of each grade, size, and variety, as 
specified by the sales manifest. In some cases, this operation may entail 
moving considerable fruit in the cold storage room to obtain the specified 
grades and sizes. In other cases, it may involve nothing more than 
designating the rows and number of stacks of boxes that are to be moved 
from the storage position. 


In addition to blocking out, carloading includes manifesting. 
Manifesting is the preparation of a tally sheet showing the number of 
boxes of each grade and size that go into the blocked-out load. It must 
check with the sales manifest. If it does not check, other boxes of cer- 
tain sizes or grades from storage must be added to the block-out, and the 
unwanted boxes moved from the blocked-out unit back to storage. Mani- 
festing may take place while the car is being loaded, and, depending on 
how the fruit has been segregated or sold, blocking out may be performed 
simultaneously with carloading operations, particularly when industrial 
trucks are used. 


Classification of Plants by Types of 
Equipment Used 


On the basis of the principal types or combinations of types of 
materials-handling equipment used, the 252 Washington State apple pack- 
ing and storage houses, in operation during the 1950-51 season, can be 
classified as those using: (1) Clamp-type 2-wheel hand trucks, (2) clamp- 
type 2-wheel hand trucks and belt conveyors, (3) clamp-type 2-wheel hand 
trucks and floor chain conveyors, (4) clamp-type 2-wheel hand trucks and 
elevators, (5) industrial clamp trucks, and (6) industrial fork-lift 
trucks and pallets. Most of these plants use other less important types 
of equipment, such as sections of gravity-type roller conveyors or pallet 
dollies, in addition to the more basic types. 


Vous 
Hand Truck Plants 


Most of the 90 plants that used hand trucks predominantly during the 
1950-51 season are the smaller Washington State plants. As indicated, 
they handle fruit, in most operations, with 2-wheel hand clamp trucks. 
These plants usually are near the orchards and may have unrefrigerated 
storage area only. Multistoried hand truck plants use belt conveyors to 
move fruit between floors. Physical construction of the plants is usually 
frame or a combination of frame and concrete, depending on whether the 
storage area is refrigerated or unrefrigerated. 


In hand truck plants, fruit usually can be received either directly to 
the dumper or into the storage area. When the packed boxes of fruit leave 
the packing line, conveyors move them into the storage area where the 
boxes are built into 6-high stacks and hand trucked to storage position. 
Such a plant usually operates only a single packing line. The typical 
plant uses only seven hand trucks and a belt conveyor footage varying up 
to 280 feet. The belt is used for moving fruit between floors or from 
the packing line. 


Belt Conveyor and Hand Truck Plants 


The older apple packing and storage plants are multistory buildings 
located in towns near rail facilities. These plants, which are among 
the largest in the State, use power-driven belt conveyors for moving 
boxes of fruit into storage and between floor levels. Clamp-type 2-wheel 
hand trucks are used to move the stacks of boxes on each floor to and 
from the belts. The 120 houses in this group in 1950-51 are sometimes 
referred to as "conventional" plants. 


Plant construction is of frame, brick, reinforced concrete, or 
combinations of the three. Nearly all roofs and intermediate floors are 
supported on beams and columns. Some of the plants have no platforms 
for receiving fruit and use small openings in the sides of the building 
which permit the belt conveyors to be extended out so that trucks can be 
unloaded directly to the cold room. Two different belt conveyor arrange- 
ments are used in this type of plant--one with belts through the center 
of the room, the other with the belt conveyors placed along one of the 
walls. The first arrangement minimizes the distances boxes are moved to 
and from the conveyor, while the second requires less space and permits 
unrestricted travel across the cold room. These plants have from one to 
six packing lines. 


Hand Truck and Floor Chain Conveyor Plants 
During the 1950-51 season, four apple packing and storage plants 


used floor chain conveyors in combination with hand trucks for receiving 
fruit. Floor chain conveyors also are used in a few plants to feed the 
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packing lines. Usually a short length of floor chain conveyor leads into 
a mechanical stackdumper. 


AS 

The physical construction of floor-chain-conveyor plants is similar 
to that of belt conveyor plants, since all floor chain conveyor type 
plants are belt conveyor plants that have been converted. 


Floor chain conveyors installed in these plants usually lead from the 
truck unloading area into cold rooms. In large rooms two floor chain 
conveyors leading in from two different entrances are sometimes used. 
Nearly all of these conveyors are on ground floors. One plant uses the 
chain for moving fruit from storage to the dumper, another for moving 
stacks of boxes the length of the cold room on the third floor of the 
plant. Two plants use floor chain conveyors for moving fruit within and 
between cold rooms. 


Plants using floor chains had from one to three packing lines and 
great variations in the quantity of other handling equipment. All of 
these plants used belt conveyors to some extent, as well as hand clamp 
trucks, and all had at least 100 feet of floor chain conveyor. 


Hand Truck and Elevator Plants 


During the 1950-51 season, there were four plants that might be 
classified as hand-truck-elevator plants since the handling of fruit 
between floors was by use of elevators rather than belt conveyors. How- 
ever, there were no plants in the State that used elevators exclusively 
for interfloor movement of fruit. Three of these four plants have only 
one elevator. 


Industrial Clamp Truck Plants 


The eight plants using industrial clamp trucks in 1950-51 varied 
widely with respect to types of layout and plant design. These plants 
were either former belt-conveyor and hand-truck plants or hand-truck 
plants. Since ceiling heights of storage rooms in these plants are 
relatively low, fruit is not tiered as high as it is in the newer fork- 
lift truck plants. Most of the industrial clamp-truck plants have 
obstructions that interfere with handling operations. lLow-hanging air 
ducts or coils, beams, and columns are typical of the older plants. 


In many of these older structures, the distance between the point 
where loose fruit is supplied to the dumper and the area where packed 
fruit is segregated for storage is so great that one machine cannot 
perform both phases of handling. 
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In clamp-truck plants, fruit usually is segregated in the cold 
storage room off a belt conveyor, as in belt conveyor plants. Also, when 
the industrial clamp truck is used for moving packed fruit to storage, it 
must operate within cold rooms which frequently are on upper floors of 
the plants, which necessitates transferring the truck between floors. 
Such transfers are difficult without an elevator. 


Pallet and Fork-Lift-Truck Plants 


Most of the 26 fork-lift-truck and pallet plants in the State are 
one-story structures. A few of these plants are remodeled buildings and 
part of the plant also is served by belt conveyors. These plants are of 
concrete or concrete block construction with few beams or columns; the 
truss roof is universal except in plants that have been converted from a 
belt and hand-truck operation. 


At present, many of the dumping and segregation areas in the 
palletized plants are separated by a considerable distance, making it 
difficult for one fork-lift truck to service both ends of the packing 
line. 
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CURRENT AND ASSUMED WAGE RATES USED IN 
COMPUTING LABOR COSTS 


Except for workers used during the harvest and peak handling season, 
labor employed in the Washington State apple packing and storage plants 
is recruited largely from local sources. Although a relatively large 
number of itinerant workers formerly were employed, in recent years the 
industry has come to rely less on transient labor, mainly because of the 
decreased supply. Many local people employed in apple houses are kept 
on as year-round or "key" workers, and serve as foremen during the fruit- 
handling season. bf During the remainder of the year they are assigned 
miscellaneous repair and maintenance duties. In some instances "key" 
workers are shifted to orchard work during the summer, usually on the 
plant owner's ranch. In some of the plants, particularly in the northern 
part of the State, experienced itinerant workers hold "key" or supervisory 
positions. Most of these workers are professional fruit workers, who are 
employed part of the year in citrus or other fruit plants and part of the 
year in apple plants. 


The degree of skill required of workers who handle apples is not very 
great. Only brief instructions on methods and duties are necessary for 
most recruits. However, less supervision is necessary for experienced 
workers. Plant managers usually are willing to pay experienced workers 
more than they pay recruits. "Key" workers receive from 6 cents to 
12 cents per hour more than regular or unskilled workers. 


In the Yakima area, most of the apple houses operated during the 
1951-52 season under an agreement with the Fruit and Vegetable Packers 
and Warehousemen's Union. This agreement, which covered 30 plants, pro- 
vided for wage rates of $1.12 per hour for regular workers and $1.18 per 
hour for "key" workers. In the Wenatchee-Okanogan area, apple houses 
were not operating under union agreements at the time this study was 
made. The Wenatchee Valley Traffic Association reported that prevailing 
wage rates, during the 1951-52 season, in the Wenatchee-Okanogan area 
were $1.08 for regular workers and $1.20 for "key" workers. 


A wage rate of $1.15 per hour is, therefore, assumed to be the 
average rate for unskilled workers and this rate is used in the sections 
that follow for computing labor costs under "current" conditions. 


Industrial-truck operators usually are "key" workers and can be 
classified as semiskilled employees, since a greater degree of skill is 


5/ A "key" worker is one who is familiar with the warehouse, can 
direct the storage of fruit in the various cold rooms, and oversee the 
segregation and storage of packed fruit. 
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required to operate a lift truck, without spilling apples, than is 
required to operate some other types of equipment. Lift -truck operation 
involves accurately judging distances either when driving the truck in 
the cold room or when maneuvering the truck in crowded areas. Packing 
plants pay industrial-truck operators from 10 to 20 cents per hour more 
than they pay regular workers. The highest rate paid lift-truck opera- 
tors during the 1951-52 season was $1.32 to $1.42 per hour. Firms in 
the Yakima area paid $1.10 to $1.30 per hour. In the Wenatchee-Okanogan 
area, $1.25 per hour was more common. : 


A wage rate of $1.30 per hour is, therefore, assumed to be the 
average rate for semiskilled workers and this rate is used in the sections 
that follow for computing labor costs under "current" conditions. 


Because of current trends in wage rates, cost comparisons made by use 
of current wage rates may not adequately reflect the comparative effi- 
ciency of various methods and types of equipment during some future 
period. Therefore, to show cost relationships if wages should increase 
further, an increase of 25 cents per hour has been made in "current" 
rates both for unskilled and semiskilled workers. Wage rates under these 
assumed conditions are $1.40 per hour for unskilled workers and $1.55 per 
hour for semiskilled workers. These rates are used in the sections that 
follow for computing labor costs under "assumed" conditions. 
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COSTS OF OWNERSHIP AND OPERATION OF 
MATERIALS-HANDLING EQUIPMENT 


The costs incurred when materials-handling equipment is employed in 
fruit handling can be grouped into two major categories: (1) Ownership 
costs, which are considered to be fixed or relatively stable from year to 
year over a wide range of equipment use; and (2) operational costs, which 
are variable and fluctuate in direct relationship with the hours of use 
of the equipment. 


Equipment ownership costs include depreciation, taxes, interest, and 
insurance. When equipment is purchased, the owners are entitled to re- 
cover, on an annual basis, the purchase price of the equipment and 
accessories by the time it reaches the end of its economic life. This 
useful life, in years, varies for different types of materials-handling 
equipment and the use to which it is put. For purposes of straight line 
depreciation, the method used in this research to obtain the annual rate 
of depreciation is to divide the total cost of equipment by the number of 
years of estimated life. State and municipal taxes, interest on the 
capital invested, and insurance premiums covering fire, disaster, and 
other forms of protection applicable to the materials-handling equipment, 
are the other items that round out the ownership costs, and are paid on 
an annual basis regardless of hours of use. 


Costs of operation include fuel and oil in the case of equipment 
powered by internal combustion engines, and electricity for equipment 
powered by electric motors. These costs also include labor and parts 
for maintenance, repair, and overhaul of the equipment and inspection 
and servicing, such as lubrication. Theoretically, if equipment is not 
in use, and is kept protected from the weather, it does not accumulate 
operating costs. However, it should be recognized that if equipment is 
not used for an extended period some wasting of the equipment will be 
incurred due to the ravages of time in the form of deterioration of such 
parts as tires, hose connections, and batteries. This time element is 
recognized in the depreciation rate for the equipment. 


Costs of Ownership 


Interest 


Most Washington apple plants use an interest rate of 5 percent to 
estimate their capital costs. This is the rate for money borrowed to 
make an investment, or the rate that should be returned on an investment. 
Although some packing houses pay more than 5 percent on borrowed funds, 
cooperatively owned packing houses and some others usually obtain funds 
at a lower interest rate. Therefore, an interest rate of 5 percent has 
been used as a basis of computations of interest costs. 


ape 
Taxes and Insurance 


The tax rates were computed by obtaining official rates of evaluation 
and assessment at the Yakima County Assessor's Office and applying the 
tax rates to the assessed valuation. Insurance rates were obtained from 
published rates of insurance companies. 6/ 


Insurance rates on apple packing and storage plants, including the 
equipment, vary relative to a number of factors, such as the location of 
the plant and its accessibility to fire protection equipment and its 
location relative to other plants and fire hazards. The construction of 
the plant also is a factor in determining the insurance rate. Construc- 
tion features that are considered in determining rates include the plant 
layout, the number of floors and rooms, and the ways in which the rooms 
are connected to each other. In some plants and locations, a watchman 
service is available. Other plants have warning devices and automatic 
fire protection equipment. All of these factors affect rates. The prin- 
cipal differences in insurance rates appear to be associated with plant 
locations in municipal areas and locations in rural areas. Insurance 
rates are lower in municipal areas but taxes are higher than in rural areas. 
These two factors tend to offset each other, but as a whole, costs are 
slightly higher in rural areas. Average insurance and tax rates for 
plants located in rural and municipal areas are shown in table l. A 
2 percent allowance for taxes and insurance appears to be ample, since 
the combined rates in municipalities and rural areas were, respectively, 
1.8 percent and 2.0 percent. 


Table 1.--Annual cost per $1,000 of assessed value of materials-handling 
equipment for taxes and insurance in Washington State apple 
packing and storage plants in specified locations -- 1952 


: : : : Allowance based on 
Location : Taxes : Insurance :;: Total : assessed valuation 
: Dollars : Dollars : Dollars : Percent 
Municipal £0 SEL as 6.75 : 17.91 : Ic 
Rural ec “ONT ss 910-60 : 20.27 :; 2.0 
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Depreciation Allowance 


Depreciation allowances on equipment which are used in this report 
for computing costs of ownership are not necessarily the same as those 
used by plants. The periods used are in general longer, partly because 


6/ Various suggested rates by Washington State Surveying and 
Rating Bureau. 
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of the relatively short time equipment is used each year. Depreciation 
allowances used herein are based on the useful life of the equipment. As 
an illustration, the life of a hand truck is almost perpetual, with only 
a minor amount of repair and upkeep being required. The practice in many 
plants is to depreciate equipment such as hand trucks over a very short 
period, sometimes even one year. However, to more closely represent the 
useful life of a hand truck, 20 years has been taken as the depreciation 
period. 


Depreciation rates on industrial trucks, which have been used for 
only a few years in Washington State apple houses, cannot be determined 
from actual experience based on accounting records. Based on the experi- 
ence of plant operators, a life of more than 10 years for industrial 
trucks may be expected. 


Manufacturers of industrial trucks indicate that electric-powered 
equipment should have approximately twice the life of gasoline -powered 
equipment. Based on the length of operating season in the apple houses 
and the performance of the oldest trucks now in use, the estimate of 
depreciation life of gasoline-powered equipment is 10 years. Electric- 
powered equipment, assuming double the life of the gasoline engine-driven 
trucks, would be 20 years. tf 


Costs of Operation 


Inspection and Servicing 


Much of the equipment in conventional plants requires little 
inspection and servicing. Hand trucks and belt conveyors usually are 
checked once or twice a year. Such service usually is limited to greas- 
ing and oiling. Much of this work is done by regular workers during the 
off-season. Although full charges for this work have been estimated, 
plant managers generally feel that the labor charge is incidental since 
such jobs are a means of occupying year-round workers who might otherwise 
be idle. 


Industrial trucks require considerably more servicing than other 
equipment. The amount of service work varies with the number of hours 


7/ The Electric Industrial Truck Association states: "Among users 
of electric trucks it is rare to find reserve accruals higher than 10% 
per year, and often a 16 year life is assumed for profit and loss cost 
accounting. This is two to three times the write-off period applied to 
engine-driven industrial trucks." "Handbook of Materials Handling with 
Industrial Trucks," 1950. Page 65. 
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the machines are used and with the individual plant. Equipment service 
includes lubrication, changing oil, supplying fuel, charging batteries, 
and inflating tires. Based on estimates of actual operations, weekly 
service work requires slightly less than one hour per machine. 


Maintenance, Repairs, and Overhaul 


Maintenance work on equipment in the Washington State apple houses 
usually is done during the off-season except in cases of emergency break- 
downs. The maintenance crews frequently consist of year-round workers 
who, during the active fruit season, are assigned to supervisory or 
regular duties in the plants. Therefore, many plant managers do not con- 
sider maintenance labor costs to be a direct charge. Frequently, these 
workers do repair work that would be considered unnecessary or too costly 
if special workers were employed. 


Common repairs to hand trucks include welding new tips on the clamping 
arms and replacing hard rubber tires. Common repairs to belt conveyors 
include splicing the belts, replacing pieces of worn belts, and replacing 
broken rollers. Repair and maintenance costs of floor chain conveyors 
were difficult to determine because most of these installations are not 
more than three years old. Some of them still are being serviced by the 
manufacturer's agent as part of the original guarantee and, to some ex- 
tent, the installations were experimental with maintenance problems to be 
worked out as experience was gained. However, by drawing on the experience 
of plant operators, an estimate of maintenance cost has been made as a 
basis for computing repair and maintenance costs. 


Costs of maintenance and repair of industrial lift trucks is 
relatively high. Maintenance work on industrial equipment consists of 
such work as replacing an engine, motor, or hydraulic parts; overhauling 
an engine; changing or repairing tires; "tuning up" an engine; and re- 
placing electrical connections. Plant records show that, in general, - 
electrically-powered trucks and equipment require relatively little repair 
or maintenance, but gasoline-powered equipment requires an engine overhaul 
about every four or five years. A number of plants send their industrial 
trucks to distributors or to the manufacturer's agent for complete 
overhaul jobs. 


Energy Costs 


Energy costs in plants using electric-or battery powered industrial 
trucks are generally uniform with respect to the charges the plants pay 
per unit of power for electricity. Gasoline was 24.8 cents per gallon 
in the winter of 1951-52 in the main fruit areas. Outlying areas in the 
northern part of the State paid slightly more. A cost of 25 cents per 
gallon has therefore been assumed as a basis of computations in this 
report. The cost of motor oil was 40 cents a quart. 
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Studies revealed that a truck consumed from two to six gallons of 
gasoline a day, depending on the extent to which a machine was used, but 
consumption ranged from 1 to 1.25 gallons per actual operating hour. 
This consumption rate reflects the relatively short runs and the tiering 
of pallet loads. Energy costs for electric-lift trucks were relatively 
low. On the basis of scheduled charges in different brackets of power 
consumption and the indicated power consumption of packing and storage 
plants supplied by the Pacific Power and Light Company, most apple pack- 
ing plants would be in a high-consumption bracket, paying 0.9 or 0.6 cents 
per kilowatt hour. The average packing plant paid about one cent per 
kilowatt hour, averaging in the lower rate brackets. 8/ 


Summary of Costs of Ownership and Operation 


The costs of ownership and operation of various types of materials- 
handling equipment shown in table 2 reflect the manufacturer's quoted 
prices for the different capacities of equipment f.o.b. Yakima, Wash. 


To estimate costs per hour, the annual hours of use for each type of 
equipment for the season were estimated. The assumed hours of use are 
based on observation in various plants on the quantity of fruit that can 
be handled and the length of the fruit-handling season. The assumed 
hours of use have been checked against the quantity of fruit that could 
be physically handled in a given pericd to judge whether the estimates 
were within reasonable limits. Any one plant actually might use its 
equipment more or less than the assumed hours and should adjust its own 
costs accordingly. In most plants, the annual hours of use probably 
would be slightly less than the estimate providing a basis for this 
assumption, since most plants have sufficient equipment to handle their 
peak work loads without delay. 


8/ Net monthly electric rate of Pacific Power and Light Company, 
Yakima, Wash.: 
O cents for the first 16 kw.-hrs., or less 
2 cents per kw.-hr. for the next 284 kw.-hrs.* 
7 cents per kw.-hr. for the next 300 kw.-hrs. 
.3 cents per kw.-hr. for the next 1,400 kw.-hrs. 
9 cents per kw.-hr. for the next 15,000 kw.-hrs. 
6 cents per kw.-hr. for the next 50,000 kw.-hrs. 
3 cents per kw.-hr. for all additional kw.-hrs. 


*Where the demand exceeds 7 kw.-hrs., add 30 kw.-hrs. for each 
kilowatt over 7 kilowatts. Monthly rates for plants located in rural 
areas are slightly higher. 
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HOW COSTS FOR PERFORMING FRUIT-HANDLING 
OPERATIONS CAN BE COMPARED 


In the sections of the report that follow, total labor and equipment 
costs for performing various operations or groups of operations with 
different types or combinations of types of equipment have been computed. 
Obviously these costs do not reflect the value of the loss in quality 
that may result from rough and excessive handling, or the loss in storage 
life that may result from failure to move fruit into storage promptly. 
Retention of fruit quality in connection with the physical handling of 
apples usually is associated with prevention of bruises and damage to the 
apples and with attainment of prompt refrigeration. The first step in 
decay control is the prevention of bruising, since research results show 
that decay most frequently starts from a bruise and the larger the bruise 
the higher the incidence of decay. 9/ Studies also show that bruised 
apples tend to mature more rapidly. 


Delays in moving apples into cold storage may be directly associated 
with the methods and equipment used. Delicious apples, the major variety 
in Washington State, lose approximately 10 days' storage life for each 
day they are left in the orchard after picking. 10/ Thus the cost of 
handling apples by a given method may be exceptionally high if the stor- 
age life of the fruit is shortened to the point where the market value of 
the fruit is impaired or the late-market price cannot be realized. 


However, since materials-handling operations involve the handling of 
rigid containers of fruit, rather than the handling of the fruit itself 
(as is necessary in connection with packing-line operations), and since 
improved methods and equipment for performing physical-handling opera- 
tions usually reduce the number of times packages are individually 
handled, studies were not made, in connection with this research, to 
evaluate bruises and other injuries occurring during handling operations 
by the various methods. Although comparisons of the amount and extent 
of bruises and other injuries caused by various methods and types of 
equipment are desirable, losses in quality would be difficult to evaluate 
in economic terms. Therefore, cost comparisons have been limited to the 
direct costs of labor and equipment. 


9/ USDA, Bureau of Plant Industry study, "Blue Mold Decay of 
Delicious Apples in Relation to Handling Practices," December 1946, 
Circular No. 751. 

10/ Reprint from the Washington State Horticultural Association 
proceedings, "Physiology and Dessert Quality of Delicious Apples as 
Influenced by the Handling, Storage, and Simulated Practices" by 
Fisk Gerhardt and Edwin Smith, USDA, Bureau of Plant Industry, 
Wenatchee, Wash. 
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Cycles of Fruit-Handling Operations 


All fruit-handling operations in an apple packing and storage plant, 
except the operations in the packing line, may be grouped as follows: 


1. Unloading and moving apples into storage. 

2. Unloading and moving apples directly to the packing line. 
3. Moving apples out of storage to the packing line. 

4. Moving apples from the packing line back to storage. 

5. Moving apples out of storage and loading out. 

6. Moving apples from the packing line and loading out. 


These six groups or cycles of fruit handling will be discussed in 
the sections that follow. 


Time study data show that the elapsed time and the labor required to 
handle these standard boxes of unpacked fruit and specially constructed 
field boxes were identical. Therefore, discussions of methods and equip- 
ment for handling loose or unpacked fruit are applicable to either type 
of box. 


Time study data also show that when packed boxes are handled 
individually or in unit loads, the elapsed time and the labor required 
per box or per load were the same as for unpackéd boxes. However, when 
packed boxes are hand trucked, a unit load may consist of five boxes 
rather than six boxes as for loose fruit, and it is necessary to adjust 
the time and labor accordingly. These studies revealed the same rela- 
tionships for larger unit loads handled by industrial equipment. Packed 
boxes and loose boxes were picked up and transported in the same time 
per unit load. Additional details are shown in the Appendix. 


Definitions of Terms 


The tables in the sections that follow show the amount of productive 
labor required by workers to perform a particular activity, operation, 
or group of operations. Productive labor is taken from the tables of 
comparative data shown in the Appendix. Productive labor is adjusted 
for differences in rate at which men work, and contains unavoidable 
delays--delays that are inherent in the method when using a certain 
type of equipment or crew size under variable conditions. Productive 
labor is the amount of work time necessary to complete an operaticn or 
cycle of operations. 


ee 


In certain materials-handling operations, the capacity of the worker 
is affected by the strenuousness of the activity so that either the 
worker finds it necessary to pause to rest or his working pace slows down 
as the working day progresses. To adjust for this factor, an allowance 
has been made for fatigue. 11/ This allowance has been arrived at through 
experience and observations. Fatigue allowance is the estimated time 
allowed because of exertion required in doing a job. 


Another allowance included in some of the tables is for crew 
interference, particularly in hand-trucking operations. 12/ Interference 
occurs when one member of a crew halts the work of or interferes with 
one or more of the other members. 13/ Crew interference is the time 
resulting from one member of a hand-trucking crew unavoidably delaying 
another worker. 


One of the methods of analyzing the efficiency of an operation is to 
observe and record the wait time that results from a particular method 
or crew arrangement. By studying the wait time, it frequently is possi- 
ble to determine ways in which the crew or method can be changed to 
increase efficiency. This loss in wait time is inherent in the crew size 
or method of doing the work. There are, of course, delays in an opera- 
tion that are of a personal nature, such as when one worker stops to 
smoke. Wait time is the time one member or members of a crew spend in 
waiting on another member or members. 


In many of the tables that follow, the total of productive labor, 
fatigue allowance, and wait time are added in a column called total 
labor. Total labor is the total labor inputs, expressed in man-hours or 
man-minutes, required for the performance of an operation or cycle of 
operations. 


The time required to perform an operation also may be expressed as 
elapsed time. Elapsed time is especially important in the receiving 
cycle of operations because it determines the length of unloading time 
of a road truck or orchard trailer. Elapsed time is the length of 
time in minutes or hours from the beginning to the end of an operation 
or cycle of operations. 


11/ See page 267 of the Appendix. 

12/ See page 277 of the Appendix (fig. 133). 

13/ Interference usually occurs in an area with narrow aisles, at 
a doorway, or at a bridgeplate. 
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METHODS AND EQUIPMENT FOR UNLOADING 
AND MOVING APPLES INTO STORAGE 


The most important group or cycle of apple-handling operations in 
Washington State plants is unloading and moving the apples into storage. 
This cycle of operations is usually referred to as "receiving" and may 
include "receiving to storage" or "receiving to the packing line." 
Receiving is important because it requires the use of a great deal of 
labor and involves prompt storage which is highly essential in preserving 
the keeping quality of apples. During the receiving period there is a 
general scarcity of labor in apple packing plants, since harvest operations 
are carried on simultaneously with the warehouse work. Packing houses 
compete with the orchards for the labor. 


In Washington State approximately 40 million boxes of unpacked apples 
are moved into storage or to the packing line each harvest season in a 
period of not more than eight weeks. In some areas the harvest season for 
apples may be even shorter. Warehouse operators usually are willing to 
sacrifice efficiency in handling to be able to receive fruit in a short 
period of time, for it is to the interest of both the grower and the ware- 
houseman to preserve the storage life and quality of the fruit. Therefore, 
one of the interests of warehouse management in different types of handling 
equipment is to bring about more prompt and rapid receiving. 


An important factor affecting the costs of unloading and moving apples 
into storage is the length of the receiving season, particularly with the 
newer types of equipment which involve relatively high capital investments. 
A short season does not permit ownership costs to be spread; consequently, 
capital cost per box may appear high to a number of those who consider new 
types of materials-handling equipment. Some of the receiving equipment in 
the industry has remained in good operating condition for more than twenty 
years, and is almost as valuable as new equipment, except for obsolescence. 
Until recent years fruit-handling equipment in the State has been rather 
standard, with few innovations being introduced, and it was not until the 
use of industrial equipment came into the picture that obsolescence was 
considered as a factor in determining costs. 


In Washington State, as the harvest gets under way in the fall, the 
receiving season starts off slowly. Only a few of the earlier varieties, 
or the main varieties from early orchards, arrive at the warehouse. As 
the season progresses the number of road trucks arriving at the ware- 
houses increases. At some plants with limited receiving capacity, loaded 
road trucks must wait in line for their turns to unload. This causes 
considerable loss of orchard labor. The harvest season usually is at its 
peak three to four weeks after the picking of the earlier varieties be- 
gins. Then, for two to three weeks, the number of boxes received daily 
at warehouses decreases rather gradually. In heavy crop years, this 
slow-down permits readjusting of some of the boxes in cold storage, so 
that space can be made for a few more boxes. 
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Considerable loss of time of receiving crews could be avoided if the 
arrival of fruit from the orchards could be scheduled. However, circum- 
stances in the orchard in harvesting are so varied that a schedule cannot 
be followed. It is sometimes found that certain lots of fruit in the 
orchard develop a tendency to drop from the trees, and picking must be 
rescheduled. There may be a variation in the number of pickers in the 
crews from day to day, changes in weather that affect the volume of fruit 
ready to haul to the warehouse, and other factors. Inability to schedule 
the receiving of apples interferes with warehouse operations in another 
way. Good cold storage practice requires that lots of apples be segre- 
gated as they are received. Fruit that is to be sold on the early market 
must be treated differently than fruit that is to go to the late market. 
Certain parts of the cold storage rooms may be more accessible or have 
lower handling costs than others. Grower's lots of fruit must be moved 
to these storages as requirements indicate. A grower's lot of fruit may 
be all of the fruit from a small orchard, or from a large orchard; it 
may be all the fruit coming from one section of the orchard, or all of 
the fruit received on a certain day. The identity of each lot must be 
maintained unless it is pooled. 


Usually fruit picked near the beginning of the season has better 
keeping qualities than fruit picked late in the season. The fruit picked 
late should be moved into the parts of storage facility where it is 
accessible for packing after the first few weeks of storage. In the 
first two weeks of the season, many houses ship a large part of their 
fruit directly to the terminal markets. 


Field boxes of apples are transported from orchards to packing and 
storage houses by two types of equipment: Road trucks and orchard 
trailers, which usually are loaded with 288 field boxes and 144 field 
boxes, respectively. Unloading these trucks and trailers and moving the 
fruit to storage involves the following cycle of operations: (1) Picking 
up boxes, (2) transporting the boxes to the stacking or storage point, 
(3) stacking or placing in storage, and (4) returning with the materials- 
handling equipment empty to pick up the next load. 


In performing this cycle of operations, a number of variations occur. 
For example, two types of equipment may be used in combination, such as a 
belt conveyor and 2-wheel hand trucks. With this equipment, boxes are 
unloaded and moved to a given point by belt conveyor, removed from the 
conveyor and stacked into 6-high stacks, and at that point picked up by 
a 2-wheel hand truck and moved to the warehousing point. Another example 
is a cycle in which pallet loads of apples are removed from the motor- 
truck and temporarily placed on an apron by a fork-lift truck and later 
picked up and transported to permanent storage. In these examples, cer- 
tain operations are repeated to complete the cycle of unloading and 
moving to storage. 
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For the purposes of this report, the operation of picking up boxes 
consists of positioning the forks, clamps, or arms of the materials- 
handling equipment; setting the clamps; picking up, or, in the case of 
industrial trucks, lifting the load; and moving a short distance in the 
direction of travel. For the purpose of time study observations, pickup 
time started when the operator began positioning his equipment and ended 
when he was in position to begin the next operation in the cycle, trans- 
portation; or, in the case of industrial equipment, when the load 
cleared its original position. 


Transporting boxes to the stacking point begins as soon as the 
worker with the hand truck is in position to move or the unit load cleared 
its original position, and ends when the worker with the hand truck or 
industrial truck reaches the storage point and starts to maneuver for the 
purpose of placing the stack or unit load in storage. 


Stacking, or placing in storage, begins when the worker begins to 
maneuver the truck into position, and ends when the hand trucker begins 
to return empty or when the forks or clamps of the industrial trucks clear 
the load. 


Returning empty with the transportation equipment begins when the 
hand trucker has completed his backing and turn and starts his return to 
pick up the next load or when the fork or clamps of the industrial truck 
clear the load, and ends when the trucker begins to position the forks or 
clamps for the purpose of picking up a load. Labor required in returning 
empty with transportation equipment is not shown separately in this re- 
port but is combined with transporting loaded and the combination is 
shown as transportation labor. 


A special case exists when conveyors are used for performing certain 
handling operations. Actually, there are only two points at which labor 
is involved--at the loading and unloading ends of the conveyor. Picking 
up the boxes and placing them on the conveyor is the operation associated 
with the pick-up when other types of equipment are used. Removing boxes 
from the conveyor and placing them in 6-high stacks is the counterpart 
operation of placing boxes in storage with other types of equipment. For 
time study purposes, both of these operations begin when the worker starts 
to pick up the first box either on the truck or from the conveyor and ends 
when he sets the last box down either on the conveyor or into a 6-high 
stack. Transportation between loading and unloading points of the con- 
veyor does not involve any labor, although equipment costs are incurred. 


The cycle of operations involved in unloading and moving apples into 
storage, usually referred to as receiving of apples, includes the work 
that is performed in unloading boxes of loose apples from road trucks or 
orchard trailers and moving the boxes into the cold rooms with different 
types of equipment. This cycle of operations includes releasing the unit 
load on the floors of the storage room and tiering the boxes, either 


- 33 - 


manually or mechanically, above the usual height of the stack brought in 
by the materials-handling equipment. In the manual receiving cycle, this 
operation is referred to as high-piling. Manual high-piling, and mechani- 
cal high-piling with a newly introduced mechanical lift, are performed 
when fruit is received with the older conventional equipment. High- 
piling is discussed as a separate cycle of operations. 


The types of equipment used to unload and move apples into storage 
are: (1) Clamp-type 2-wheel hand truck, (2) clamp-type 2-wheel hand 
truck and belt conveyor, (3) clamp-type 2-wheel hand truck and floor chain 
conveyor, (4) belt conveyor, stackmaker, floor chain conveyor, and clamp- 
type 2-wheel hand truck, (5) clamp-type 2-wheel hand truck and elevator, 
(6) industrial fork-lift truck and pallets, and (7) industrial clamp-type 
lift truck. These equipment types and the methods involving their use 
are discussed in the sections that immediately follow. 


Clamp-Type 2-Wheel Hand Trucks Alone 


The clamp-type 2-wheel hand truck has been a standard type of 
handling equipment in the Washington State apple houses for a number of 
years (fig. 1). It is convenient for handling the Northwest standard 
apple box, and the capital investment required is relatively small. The 
hand truck probably is the most important single item of handling equip- 
ment used in apple houses. In plants where it is not used as the sole 
means of handling apples, it is used in conjunction with other equipment, 
such as belt conveyors, floor chain conveyors, and elevators. Only ina 
few of the newer plants that use industrial trucks has the importance of 
the 2-wheel hand clamp truck diminished, but even in these plants there 
usually are one or more hand trucks for standby use. 


One of the features of the hand truck that makes it desirable for 
unloading operations is that it can be wheeled onto a highway truck or 
orchard trailer to pick up a load and transport it to the storage or 
stacking point. Unloading begins when a bridgeplate is put in place 
after the truck or trailer has backed up to the receiving dock. The 
bridgeplate is used as a floor from which to pick up the first stacks at 
the end of the road truck. After the first stacks have been removed, 
hand trucks can work directly from the bed of the vehicle. When unload- 
ing road trucks with clamp-type 2-wheel hand trucks, 6 boxes of unpacked 
apples always constitute a load and this load is handled as a unit. 
Since boxes are stacked 6 high on road trucks, no rebuilding of stacks 
is necessary. At the storage point, 6-high stacks are positioned and 
released as a unit (fig. 16). Boxes on orchard trailers usually are 
stacked 3 high and these stacks are built 6 high preparatory to 
unloading with hand trucks. 


There are a number of circumstances that affect the efficiency with 
which the 2-wheel hand truck can be used for receiving fruit. Perhaps 
the most important of these is the number of workers assigned to 
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hand-truck crews. If the transpor- 
tation distance is short, and hand 
truckers tend to interfere with each 
other, delay time results. Delays 
occur where the hand truckers must 
traverse narrow aisles and cannot 
pass each other freely. in going to 
and from picking up and releasing 
their loads. Similar delays occur 
when the bridgeplate is narrow and 
hand truckers either wait or pace 
themselves, so as to permit one 
worker at a time to cross the 
bridgeplate (fig. 17). In some 
plants posts interfere with the re- 
lease of the load at the storage 
point, which affect the time and 
labor required to handle boxes of 
big Yate cape 


In a few plants differences in 
floor levels or elevations between 
one part of the plant and the other, 
or between the platform and storage 
rooms, may slow down operations, 
but where these differences are not 


too great they usually had little Figure 16.--Releasing a 6-high stack of 
effect on transportation time. How- boxes from a hand truck in a storage 
ever they may require extra effort room. : 


Figure 17.--Waiting occurs when there are too many hand 
truckers. 
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on the part of hand truckers. In those places where the platform is 
higher than the bed of the truck, the worker usually pulls his load off 
of the truck backward rather than pushing it forward. Allowances have 
been made for these factors in the standard time values. 


Transportation distances vary considerably during receiving operations 
in different plants. In a few cases, fruit was transported not more than 
25 feet from the road truck or orchard trailer into storage. In other 
instances, fruit was transported as far as 200 feet with 2-wheel hand 
trucks. However, transportation distances usually were roughly 100 feet. 
For the purpose of this analysis, transportation distances have been 
standardized at 100 feet. 


Unloading Boxes of Apples from Road Trucks 
and Moving to Storage 


2-man crew.--A 2-man crew usually is employed for unloading road 
trucks by use of 2-wheel hand trucks (fig. 18). In plants where an effort 
is being made to reduce elapsed time for unloading, a 3-man crew or, 


Figure 18.--Receiving to storage with a 2-man hand-trucking crew. 
Stacks of boxes are transported from road truck to the stacking 
point. 


occasionally, a 4-man crew is used. When a 2-man crew is used, each 
crew member operates a hand truck and each performs comparable duties. 
Each hand trucker, in turn, wheels his empty hand truck onto the road 
truck bed, clamps and picks up a 6-high stack of boxes as a Unit, turns, 
and wheels the stack to the storage point inside the plant. At the 
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storage point he positions and releases the stack of boxes, again as a 
unit, and returns to the road truck to repeat the cycle. 


As shown in table 3, the labor requirements for unloading from a 
road truck and moving into storage 1,000 boxes of unpacked apples by use 
of 2-wheel hand trucks, when a 2-man crew is used, are 2.94 man-hours. 
Of this total, 2 hours, or 68 percent, arespent in transporting fruit. 
Pickup requires slightly more time than releasing the fruit. Pickup and 
release account for 28 percent of the total labor. 


Table 3.--Labor required for a 2-man crew to unload 1,000 unpacked boxes of apples from a road 
truck and move them into storage by use of clamp-type 2-wheel hand trucks uy 


Operation *Workers:Productive: Fatigue : Wait : Total 
: : labor :allowance: time : labor 
:Number :; Man-hours Man-hours Man-hours Man-hours 


Set up and clean up : es 0.12 0.0 ¢) 0.12 
Pick up stack with 2-wheel hand truck i 2 2 . 39 04 ) -43 
Transport 100 feet with 2-wheel hand truck R 1.82 18 ) 2.00 
Release stacks with 2-wheel hand truck 2 35 04 O 59 
Total man-hours sade : 2.68 2 26 ie) 2.94 
Elapsed time--hours : : e/ 1.47 


a) Boxes of fruit are handled in unit loads consisting of 6-high stacks. Labor require- 
ments shown do not include piling boxes above 6-high stack. 
a/ A road truck load of 288 boxes can be unloaded in 25 minutes. 


The elapsed time required to unload 1,000 boxes from road trucks and 
move into storage by this method is 1.47 hours, or 25 minutes per truck 
load of 288 boxes. At this rate, approximately 5,000 boxes or 17 truck- 
loads of apples could be received per crew per 8-hour day. 


3-man crew.--The elapsed time to unload road trucks and move fruit 
into storage can be reduced by increasing the size of the crew. A 3-man 
crew reduces the elapsed time to 1.05 hours per 1,000 boxes. Thus, a 
road truck with a load of 288 boxes would be tied up at the receiving 
platform approximately 18 minutes. 


However, at a standard transportation distance of 100 feet, the 
amount of delay time increased as the crew became larger. With a 2-man 
crew, no time was lost because of delays during the unloading of a truck. 
With a 3-man crew, more than 6 percent of the labor was accounted for by 
wait time (table 4). 
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Table 4.--Labor required for a 3-man crew to unload 1,000 unpacked boxes of apples from a road 
truck and move them into storage by use of clamp-type 2-wheel hand trucks av 


0 - ‘Work ~_:Productive: Fatigue : Wait :; Total 
shen neaeh ies ae labor allowance: time : labor 


“Number > Man—hours Man-hours Man-hours Man-hours 


Set up and clean up se) 0.12 0.0 0.06 0.18 
Pick up stack with 2-wheel hand truck : 3 : Sele) 04 8) 043 
Transport 100 feet with a 2-wheel hand truck : 3 >: 1.82 +18 e/ 14 2.14 
Release stacks with a 2-wheel hand truck ees 35 04 Ale) 39 
Total man-hours 1 = + 2.68 «BG 203.14 
Elapsed time—-hours ; : _ Sf 1.05 


1/ Boxes of fruit are handled in unit loads consisting of 6-high stacks. Labor require- 
ments shown do, not include piling boxes above 6-high stack. 

2/ Waiting time caused by crew interference. 

Ey A road truck load of 288 boxes can be unloaded in 18 minutes. 


Comparison of 2-man crew and 3-man crew.--As shown in table 5, on 
the basis of "current" wage rates, the cost of unloading 1,000 boxes of 
apples from road trucks by use of a 2-man crew is 23 cents less than 
when a 3-man crew is used. However, because the elapsed time to unload 
is less, a number of plant operators find it advantageous to use a 3-man 
crew, at least during the peak periods of activity in the receiving 
cycle of operations. 


Table 5.--Comparative labor and equipment costs for unloading from road trucks and moving into 
storage 1,000 unpacked boxes of apples by use of clamp-type 2-wheel hand trucks when crews 
of specified sizes are employed 1/ 


: * Labor and equipment required ; Labor and equipment costs 
Method ‘Elapsed’ Total cost 

* time * Equipment * Wait * Total * Labor *_ —— 

3 : time time Labor ‘Equipment: 2/ : Current; Assumed 


: Wages ; wages 
Hours Wachine tours: eae Se OE Dollars “Dollars Dolla Dollars Dollars 


2-man hand truck crew: 1.47 : 2.94 : 0.0 2.94 : 0.07 3.38 3.45 4.19 


Beranimanaetrickcrew JOS. : 3.14: .20 5.14. = 07 3.61 3.68 4.47 


ee 


af, Boxes of fruit are handled in unit loads consisting of 6-high stacks. Costs shown do 
not include piling boxes above 6-high stacks. Transportation distance standardized at 100 feet. 
2/ Computed from "current" wage rates. 


Unloading Boxes of Apples from Orchard 
Trailers and Moving to Storage 


3-man crew. --Two-wheel hand trucks also are used to unload orchard 
trailers at the plant. As shown in figure 19, boxes of apples are 
stacked 3 high on the trailer bed. After a trailer has been backed or 
pulled into place at the storage house, the tractor driver or a ware- 
house worker builds the 3-high stacks of boxes into 6-high stacks 
(fig. 20). As soon as the first stack has been completed, a 2-man crew 
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Figure 19.--Orchard trailers waiting at a storage plant 
to be unloaded, Note that boxes of apples are stacked 
three high. 


Figure 20.--Building stacks six boxes high on an orchard 
trailer. Hand trucks move the stacks to storage. 


begins hand trucking the stacks from the trailer to the storage room. 
One worker continues to build 6—high stacks. 


Of the total labor required when a crew of three men, two hand 
truckers and cne worker building stacks, is used, 27 percent of the 
productive labor is required for building stacks. Transportation over 
a distance of 100 feet requires slightly more than twice as much labor 
as is required in picking up and releasing the stacks. As shown in 
table 6, a 3-man crew can unload and move 1,000 boxes into storage in 
3.63 productive man-hours. Added to this labor should be an allowance 
for fatigue and delays due to waiting, which brings the total to more 
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Table 6.--Labor required for a 3-man crew to unload 1,000 unpacked boxes of apples from an 
orchard trailer and move them into storage by use of clamp-type 2-wheel hand trucks 2, 


Operation 2, rkers?  roductive: Fatigue : Wait : Total 
P eo : labor sallowance: time : labor 


Set up and clean up = 5 s° 10510 0.0 0.05 0.15 
Build 6-high stacks of boxes from 3-high stacks : : 
on orchard trailer : 1 5 .97 o19 225 1.41 
Pick up 6-high stacks with a 2-wheel hand truck : 2 : 239 004 20 243 
Transport 6-high stacks 100 feet with a 2-wheel : : 
hand truck = a 8 eae Se sus! 0 2.00 
Release 6-high stacks with a 2-wheel hand truck : 2 : 205 04 AL2) 259 
Total man-hours gee chen nnes 45 .30 4.38 
Elapsed. time—hours : 5 2/ 1.46 


d/; Labor requirements shown do not include high-piling boxes above 6-high stacks in storage 
rooms. 
2/ A trailer load of 144 boxes can be unloaded in 12-3 minutes. 


than 4.00 man-hours per 1,000 boxes. Seven percent of the time is 
unproductive, but much of this idle time stems from the fact that the 
full time of the worker building stacks is not utilized. If the trans- 
portation distance is less than 100 feet, two hand truckers will keep 
the stackbuilder fully occupied. If the distance is great enough, the 
stackbuilder can keep three hand truckers occupied. 


4-man crew.--When a 4-man crew is used to unload boxes of apples 
from an orchard trailer and move them into storage, one worker builds 
6-high stacks and three workers unload and transport the fruit to 
storage. Delays occur when three workers unload and move fruit because 
their capacity to hand truck is greater than the capacity of one man to 
build stacks. In this method, 16 percent of the total man-hours required 
to handle 1,000 boxes is lost because of wait time. 


A 2-man hand-truck crew can, under specified conditions, unload 
1,000 boxes from trailers in 1.46 hours elapsed time, or approximately 
13 minutes per trailer load. As shown in table 7, the 3-man hand-truck 
crew reduces this elapsed time by 15 minutes per 1,000 boxes, or about 
2 minutes per trailer load of 144 boxes. At the peak of the receiving 
season, when there is pressure to move as much fruit as is possible, it 
may be desirable to use a 3-man hand-truck crew to unload trailers. 


Comparison of 3-man crew and 4-man crew.--As shown in table 8, the 
costs of receiving apples from orchard trailers is approximately 50 cents 
per 1,000 boxes greater when a 4-man crew is used than when a 3-man crew 
is employed. Most of this increase is the result of increased labor 
costs. 
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Table 7.--Labor required for a 4-man crew to unload 1,000 unpacked boxes of apples from an orchard 
trailer and move into storage by clamp-type 2-wheel hand trucks 1/ 


A :Productive: Fatigue : Wait : Total 
oe Workers’ labor zallowance: time : labor 
Number : Man-hours Man-hours Man-hours Man-hours 


Set up and clean up : 4 35 20620 0.0 0.10 0. 20 
Build 6-high stacks of boxes from 3-high stacks : : 
on orchard trailer Soe’ : 297 pale) 30 1.16 
Pick up 6-high stacks with a e-wheel hand truck : os 239 -04 2ol 94 
Transport 6-high stacks 100 feet with a 2-wheel : z 
hand truck : 5: 182 18 OE 14 - 2.14 
Release 6-high stacks with a 2-wheel hand truck : 3 : 255 204 re) 259 
Total man-hours ; - 3 5.E€3 245 as 4.83 
Elapsed time--hours é : 3/ 1.21 


1/ Labor requirements do not include high-piling boxes above 6-high stacks in storage rooms. 
2/ Waiting time caused by crew interference. 
3/ A trailer load of 144 boxes can be unloaded in 10-4 minutes. 


Table 8.—-Comparative labor and equipment costs for unloading 1,000 unpacked boxes of apples from 
orchard trailers and moving into storage by use of clamp-type 2-wheel hand trucks when 
using crews of specified sizes 1/ 
: Labor and equipment required * 
flansed- ee eee 
time * Equipment * Wait ‘ Total = Total cost 


time 2 time > labor “Squipeents ee :Current:Assumed 


: Hours :Machine-hours: 


Labor and equipment costs 
Method 


2 08 0o 


3-man crew (2 hand : : ; 
truckers—-l worker 
builds 6-high 


° 
. 


oo Of oe 


stacks) AG <a 2.92 : 0.30 4.38 : 0.07 5.04 5.11 6.20 
4—-man crew (3 hand : . 

truckers—1 worker 

builds 6-high : : : : 

stacks) eek: Ss 3.63 eA TD 4.83 ;: .09 5.55 5.64 6.85 


L/, Costs do not include high-piling boxes above 6-high stacks in storage rooms. Except for 
building 6-high stacks from 3-high stacks on trailer bed, 411 boxes are handled in unit loads 
consisting of 6 boxes. 

2/ Computed from "current" wage rates. 


Clamp-Type 2-Wheel Hand Trucks and Belt Conveyors 


A larger volume of apples is received in Washington State plants by 
use of belt conveyors and 2-wheel hand trucks than by any other types of 
equipment. The belt conveyor equalizes transportation distances and is 
used extensively in multistoried buildings for moving fruit between floors. 
After boxes of fruit are placed on the belt, they can be transported 
various distances without adding to the labor required for handling the 
fruit. Figure 21 shows a belt conveyor plant in which the fruit is 
received through a portal into the storage room. 
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At storage houses using belt 
conveyors in combination with clamp- 
type 2-wheel hand trucks, field 
boxes of apples are transferred one 
box at a time from the road truck 
to a belt conveyor that moves the 
boxes into a cold storage room. As 
the working surface moves toward 
the front of the motortruck, sec- 
tions of gravity roller-type or 
wheel-type conveyors are joined to 
the belt conveyor to eliminate the 


Figure 21.--Road truck waiting to be un- need for carrying each box to the 
loaded at a plant that uses belt con- belt (fig. 22). Inside the storage 
veyors and hand trucks for receiving room, one or two workers, the num- 
apples. Note conveyor head in wall ber depending upon the speed of the 
back of motortruck. belt and other factors, remove the 


boxes from the conveyor and build 

6-high stacks (fig. 23). Other 

workers using clamp-type 2-wheel 
hand trucks pick up the stacks and transport them to the stacking point 
or final storage position (fig. 16). 


Belt conveyors always are constructed to fit a particular job or 
layout. In plants where belt conveyors are used for moving boxes of 
fruit from one floor to another the framework is constructed so that the 
belt will move at an incline of not more than 35 percent. Obviously, 
this type of construction requires considerable space. Most installa- 
tions are constructed so that the belts are reversible, the same belt 
being used to move fruit into or out of storage. 


Figure 22.--A view of the motortruck Figure 23.--Worker inside the storage 
end of a receiving operation using room removing field boxes of fruit 
belt conveyors in combination with from the belt conveyor and placing 


clamp-type 2-wheel hand trucks. them in 6-high stacks. 
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Belt conveyors usually operate at speeds of from 65 to 95 feet per 
minute. For most operations a speed of from 75 to 85 feet per minute is 
most desirable. The rate of operation of the belt conveyor tends to set 
the pace for other operations in the receiving cycle. However, there is 
a tendency to space boxes about the same distance apart on a conveyor 
regardless of its speed. At the faster speeds off-loading boxes from the 
conveyor is difficult. They are likely to move beyond the worker's reach 
before he is in a position to remove them. 


When boxes of fruit are unloaded over the tailgate of the road truck, 
sections of gravity-type roller conveyors frequently are used to bridge 
the distance from the work face to the belt conveyor head. Two different 
lengths of extensions are used while unloading, to minimize the distance 
the workers must move the fruit. First a short roller conveyor section 
is used, then a longer section, and finally the short is added to the 
longer section. The roller conveyor sections are slightly elevated at 
the rear or truck end to help convey the boxes to the powered belt 
conveyor. 


In some plants fruit occasionally is unloaded from the side of the 
road truck or trailer (fig. 24). The road truck and orchard trailer are 
not of sufficient width to necessitate the use of a roller conveyor. 
When unloading from the side of a truck or trailer the driver of the 


Figure 24.--Unloading boxes to a belt conveyor from the 
side of a road truck. 


truck or tractor pulls the vehicle forward after the first half of the 
boxes have been unloaded, so that the second half of the load can be 
removed without walking to place it on the roller conveyor. Trailers 
are more frequently unloaded from the side than are road trucks. 
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In most plants the unloading operation takes place over a receiving 
platform. However, some of the belt conveyor plants have portals cut 
into the side of the storage rooms for use in receiving fruit, rather than 
platforms. These portals are approximately two feet square, just suffi- 
cient for a belt or extension conveyor to carry a box through. Unloading 
at receiving portals usually is from the side of the truck. 


While unloading, either one or two workers are stationed on the road 
truck or trailer to lift and place boxes of fruit on the conveyor (fig. 4). 
Inside the plant, one or two, or occasionally three, workers remove the 
fruit from the belt conveyor by grasping the boxes on the belt, swinging 
them to the side, and building 6-high stacks (fig. 25). Because the work 
of placing boxes on a conveyor in unloading and the work of off-loading 
the conveyor is nearly equal (under normal conditions), the same number 
of workers used to place boxes on a belt is employed for removing them. 
However, during peak receiving periods some plants use an additional 
worker for off-loading the conveyor because of the steady work involved 
and the pace that must be maintained. Part of the unloading usually is 
done by the driver of the road truck or trailer. 


Figure 25.--Two workers building a double row of stacks with boxes from 
a belt conveyor. 


In some plants where space for removing fruit from the bélt and 
building stacks of boxes beside the belt conveyor is limited, stacks 
are built in double rows alongside the belt. However, in most cases 
only a single row is built. Hand truck operators remove these stacks 
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as the unloading proceeds and transport them to the storage point where 
they are positioned and released as a unit. If there are not enough 
hand truckers, or if the distance from the belt conveyor to the storage 
point is fairly long in relation to the size of the hand-trucking crew, a 
double row of stacks alongside the belt is more likely to be used. The 
double row of stacks serves as a temporary storage supply for the hand 
truckers and may prevent delays while the next road truck or trailer is 
pulling into place for unloading. 

Occasionally workers are unable to off-load fruit from the belt 
conveyor as rapidly as boxes are placed on the opposite end because of 
delay in hand-trucking operations, the use of a faster-than-normal belt 
speed, or the dropping of a box of fruit. The use of a section of 
gravity roller conveyor connecting with the belt conveyor near the off- 
loading position avoids these problems. By use of this arrangement, if 
a worker is unable to remove a box from the belt, it bypasses him and 
"accumulates" on the section of the roller conveyor. 


Receiving fruit by use of 2-wheel hand trucks and belt conveyors 
requires close coordination or synchronization of three, and, in some 
cases, four different crews. These crews consist of the workers placing 
fruit on the belt, those removing fruit from the belt, the hand truckers, 
and, in some instances, the high pilers. Under some circumstances, one 
of these crews may be operating to capacity when the other crews are not. 
Unavoidable delays occur which add to the amount of time required to 
handle the boxes. Some plants avoid the necessity for balancing the 
work of receiving crews by moving fruit to be high-piled into a temporary 
storage bank. Later when the unloading of the road truck has been com- 
pleted, a special crew high-piles boxes above the original 6-high stack. 


Analyses of methods for receiving by use of belt conveyors and hand 
trucks are based on a standard transportation distance of 100 feet. This 
distance is made up of 50 feet of conveyor sections and 50 feet of trans- 
portation by hand trucks after the fruit is removed from the belt. Belt 
conveyors are assumed to move at 80 feet per minute. For the purposes 
of the analyses, no consideration has been given to the movement of fruit 
from one floor to another, because the labor and time required would be 
the same for the distance shown. (The summary of receiving to storage 
will present a comparison of receiving in single-and multi-floored 
plants.) 


Unloading Boxes of Apples from Road Trucks 
and Moving to Storage 


The principal variation in the use of belt conveyors and 2-wheel 
hand trucks for receiving unpacked boxes of apples is in the crew size. 
Four different crew sizes are used. 
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3-man crew.--When a 3-man crew is used, one worker on the road truck 
places boxes on the belt conveyor, one worker removes fruit from the con- 
veyor inside the storage room, and the third worker hand trucks 6-high 
stacks, usually over about a 50-foot distance, from the conveyor belt to 
the storage point. 


The workers placing fruit on and taking fruit off the belt wait 
0.89 man-hours per 1,000 boxes received for the hand trucker to perform 
his duties. The 1.21 man-hours of nonproductive labor per 1,000 boxes 
involved in this method (table 9) accounts for 21 percent of the total 
labor required to receive 1,000 boxes. 


In terms of total labor requirements, 30 percent is used for hand 
trucking and 61 percent is almost equally divided between placing fruit 
on the belt and removing it from the belt. As shown in table 9, a 3-man 
crew can unload 1,000 boxes in an elapsed time of 1.94 hours, or 34 min- 
utes for a 288-box truckload. At this rate 13 or 14 road trucks can be 
unloaded at one receiving station per day. 


Table 9.--Labor required for a 3-man crew to unload and move 1,000 unpacked boxes of apples into 
storage from a road truck by use of belt conveyors and clamp-type 2-wheel hand trucks ay, 


:Productive: Fatigue : Wait : Total 


Operation ‘Workers 


: labor sallowance: time : labor 
:Number ; Man-hours Man-hours Man-hours Man-hours 
Set up and clean up : 3 : 0.16 0.0 0.32 0.48 
Place boxes on belt conveyor (conveyor moves : 
boxes 50 feet) : 1 : 1.09 Aye 247 nye! 
Transfer boxes from belt conveyor to 6—high : : 
stacks : 1 : 1.13 Pes) 42 1.78 
Pick up 6-high stacks by use of clamp-type 7 : 
e-wheel hand trucks : 1 : Ay 2s) 03 -O soe 
Transport 6-high stacks 50 feet by use of 5 : 
2-wheel hand trucks : 1 : 97 10 0 1.07 
Release 6-high stacks from 2-wheel hand trucks : 1 $ Aes) 204 «0 239 
Total man-hours > - 3: 3,99 62 el 5.82 
Elapsed time--hours : : 1.94 


a Labor requirements shown do not include piling boxes above 6-high stacks. This size crew 
can receive 13 road truck loads of 288 boxes each per 8-hour day. 


4-man crew.--Another method of unloading and moving fruit to storage 
with belt conveyors and hand trucks involves the use of a 4-man crew. 
One worker on the road truck places fruit on the belt conveyor, one 
worker inside the storage room removes boxes from the belt, and two 
workers hand truck 6-high stacks of boxes to the storage point. 


Approximately the same amount of labor is required to receive 1,000 
boxes of fruit with a 4-man crew as are required with the 3-man crew 
(table 10). However, the elapsed time is reduced to 1.52 hours per 
1,000 boxes, or 26 minutes per highway truckload. 
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The use of a 4-man crew results in 1.47 hours wait time per 1,000 boxes. 
Most of this waiting occurs in the hand-trucking operation either during 
pickup or transport of boxes. Because the method is not properly balanced 
for a 50-foot transportation distance, hand truckers must wait for the 
stacks to be built from the belt conveyor. For greater distances the wait 
time of the hand truckers would be decreasec. 


Table 10.--Labor required for a 4~man crew to unload and move 1,000 unpacked boxes of apples into 
storage from a road truck by use of belt conveyors and clamp-type 2-wheel hand trucks AW 


:Productive: Fatigue : Wait : Total 
: labor :allowance: time : labor 
:Number : Man-hours Man-hours Man-hours Man-hours 


—— SS 


Operation * Workers 


Set up and clean up e 4 : 0.16 0.0 0.48 0.64 
Place boxes on belt conveyor (conveyor moves 9 
boxes 50 feet) 2 2 fe. 2347209 eR 05 1.36 
Transfer boxes from belt conveyor to 6-high : : 
stacks Hee sme LS 02d -O 1.36 
Pick up 6-high stacks by use of clamp-type : : 
2-wheel hand trucks 2 : 29 03 86 1.18 
Transport 6-high stacks 50 feet by use of : 
2-wheel hand trucks : 2 3 -97 210 2/ .08 Del's 
Release 6-high stacks from 2-wheel hand trucks : 2 : 255 04 -O 239 
Total man-hours 2: of : 3.99 62 1.47 6.08 
Elapsed time--hours : 3 aeey2 


1/ Labor requirements shown do not include piling boxes above 6-high stacks. This size 
crew can receive 17 road truckloads of 288 boxes each per 8=-hour day. 
2/ Waiting caused by crew interference. 


6-man crew.--When an effort is being made to receive fruit more 
rapidly than is possible with a 4-man crew, some plants use a 6-man crew. 
Two workers on the road truck place fruit on the belt conveyor, two 
workers inside the storage room remove boxes from the belt and build 
6-high stacks, and two workers transport the stacks on hand trucks to 
storage. 


As shown in table 11, the total labor required for a 6-man crew to 
receive 1,000 boxes of fruit is 6.06 man-hours, but the elapsed time by 
this method is 1.01 hours, or 18 minutes for a road truckload of 
288 boxes. 


At the standard transportation distance of 50 feet, 17 percent of 
the total labor is lost by waiting, which is rather equally divided 
between time lost by the men putting fruit on the belt and taking it 
off, because two hand truckers cannot transport stacks as rapidly as 
they can be built by two workers. Approximately 33 percent of the wait 
time is lost because four of the crew members are idle during setup. 


For a transportation distance of less than 50 feet, the labor of the 
entire 6-man crew would be more productively utilized; for a transporta- 
tion distance of 100 feet, it would be more efficient to add a third 
hand trucker. 
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Table 11.--Labor required for a 6-man crew to unload and move 1,000 unpacked boxes of apples into 
storage from a road truck by use of belt conveyors and clamp-type 2-wheel hand trucks 1/ 


:Productive; Fatigue ; Wait : Total 


Spare vion Nexkens labor sallowance: time : labor 
exunibex p wanshoung Man-hours Man-hours Man-hours 

Set up and clean up : nie) 6 : 0.16 0.0 0.32 0.48 
Place boxes on belt conveyor (conveyor moves a : 

boxes 50 feet) : 2: 1.28 225 33 1.86 
Transfer boxes from belt conveyor to 6—high : : 

stacks : 2g: Deo 2 26 one 1.86 
Pick up 6-high stacks by use of clamp-type : 

2-wheel hand trucks : east 229 03 rae) Bers 
Transport 6-high stacks 50 feet by use of : : 

@-wheel hand trucks : 25 97 10 3/ .08 1.15 

Release 6=high stacks from 2-wheel hand trucks : eas 255 204 ~O 239 

Total man-hours : - ;3 4.36 -68 1.02 6.06 

___Elapsed time—hours : : 1.01 


als Labor requirements shown do not include piling boxes above 6-high stacks. This size crew 
can receive 25 road truckloads of 288 boxes each per 8-hour day. 

2/ Two of these workers do the setup work at the road truck while 4 workers spend most of 
their time waiting. 

3/ Waiting caused by crew interference. 


5-man crew.--Some plants occasionally use a 5-man crew for receiving 
fruit with belt conveyors and hand trucks. When this size crew is used, 
one worker is assigned to place boxes of fruit on the belt conveyor, two 
workers to remove the fruit, and two workers to hand truck it to storage 
position. Qne reason for using this method is that the road truck driver 
is used to place fruit on the belt and it is assumed that he can maintain 
a faster pace than regular plant workers. The storage plant provides the 
four workers inside the plant. The total labor required to receive 
1,000 boxes is 7.35 man-hours (table 12). Roughly 37 percent of the 
labor is lost in wait time. Most of the wait time is accounted for by 
the fact that the two workers who remove fruit from the belt are not 
supplied boxes at a rate that will keep them busy. They lose more time 
than is spent working. The two hand truckers also have considerable 
wait time. This method would be more efficient if either an additional 
man were added to help place fruit on the belt or two men were dropped, 
one from taking fruit off the belt and one from hand trucking. 
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Table 12.—-Labor required for a 5-man crew to unload and move 1,000 unpacked boxes of apples into 
storage from a road truck by use of belt conveyors and clamp—type 2-wheel hand trucks V/ 


; :Productive: Fatigue: Wait: Total 
Workers* Y . 
Dperano8 Ore eee clebor sallowance: time : labor 


Sawa Number Man-hour s Man-hours Man-hours Man-hours 


—— 


ooleoe 


Set up and clean up : 5 <=: 0.16 0.0 0.64 0.80 
Place boxes on belt conveyor (conveyor moves : = 

boxes 50 feet) se AL OS mee Ae 1.31 
Transfer boxes from belt conveyor to 6-high : : 5 

stacks : owns Salsalss) 025 1.26 2.62 
Pick up 6-high stacks by use of clamp-tyve 3 a 

2-wheel hand truck : Coe 29 03 76 1.08 
Transport 6-high stacks 50 feet with 2-wheel s $ ; 

hand truck 2: 2 3 -97 s10. 2/08 1.15 
Release 6-high stacks from 2-wheel hand truck =: ees 250 04 Ae) 39 

Total man-hours 2 : 3.99 62 2.74 7.35 


oF oo 


Elapsed time--hours = 1.47 


ay Labor requirements shown do not include piling boxes above 6-high stacks. This size 
crew can receive 17 road truckloads of 288 boxes each per 8-hour day. 
2/ Waiting caused by crew interference. 


Comparison of four crew sizes.--As shown in table 13, total labor and 
equipment costs for receiving 1,000 unpacked boxes of fruit range from 
approximately $7.89 with a 6-man crew to $9.80 when a 5-man crew is 


Table 13.--Comparative labor and equipment costs for unloading from road trucks and moving into storage 
1,000 unpacked boxes of apples by use of belt conveyors and clamp-type 2-wheel hand trucks 
when crews of specified sizes are employed 1/ 


; * Labor and equipment required + Labor and equipment costs 
Method ;Elapsed, a : : : > Total cost 
; time ; Equipment © Wait ; Total igquipment: Labor :Garrent:Assumed 
: time ; time . labor , :  28/ ; wages : wages 


Dollars Dollars Dollars Dollars 
One man places boxes on, ] man : 
stacks boxes off conveyor, 
and 1 man hand trucks : 1.94 
One man places boxes on, 1 man : 
stacks boxes off conveyor, 
and 2 men hand truck 
Two men place boxes on, 2 men 
stack boxes off conveyor, 3 cE 
and 2 men hand truck : 1.01 : 5/ 4.04 : 1.02 6.06 : .92 6.97 7.89 9.41 
One man places boxes on, 2 men : : : 
stack boxes off conveyor, - : $ 
and 2 men hand truck : 1.47: 6/ 5.88 : 2.74 7.385 : 1.35 8.45 9.80 11.64 


. 
= 


3/ 5.82 1.21 5.82 9.89 
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1.52 4/ 6.08 1.47 6.08 1.39 6.99 8.38 9.90 
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1/ In all hand-trucking operations, boxes of fruit are handled in unit loads consisting of 6-high 
stacks. Costs shown do not include piling boxes above 6-high stacks. Transportation distance standardized 
at 100 feet, 50 feet by use of belt conveyor and 50 feet by use of hand trucks. 

a/ Computed from "current" wage rates. 

3/ Clamp-type 2-wheel hand truck 1.94 machine-hours, 100-foot belt conveyor 1.94 machine-hours, 
15-foot gravity roller conveyor 1.94 machine-hours, total 5,82 machine-hours. 

4/ Clamp-type 2-wheel hand truck 3.04 machine-hours, 100-foot belt conveyor 1.52 machine-hours, 
15-foot gravity roller conveyor 1.52 machine-hours, total 6.038 machine-hours. 

5/ Clamp-type 2-wheel hand truck 2.02 machine-hours, 100-foot belt conveyor 1.01 machine-hours, 
15-foot gravity roller conveyor 1.01 machine-hours, total 4.04 machine-hours. 

6/ Clamp-type 2-wheel hand truck 2.94 machine-hours, 100-foot belt conveyor 1.47 machine-hours, 
15-foot belt conveyor 1.47 machine-hours, total 5.88 machine-hours. 
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employed. The most costly method has an unbalanced arrangement of 

workers with only one worker placing fruit on the belt and two workers 
removing it. The least costly method uses the largest crew--six workers. 
This method has another advantage which may be more important than its 
cost; that is, its reduced elapsed time to unload. The elapsed time is 
1.01 hours per 1,000 boxes, 69 percent of the next-best method. One 
reason a lower cost is obtained by use of the larger crew is that the 
method reduces machine time; to unload a truck the belt conveyor is em- 
ployed for a shorter time. If a plant is equipped to receive on the basis 
of some other crew arrangement, this saving in capital cost could not be 
realized in actuality. A possible disadvantage of the 6-man crew is that 
during periods of critical labor supply there may be difficulty in obtain- 
ing the number of workers needed. Moreover, during slack work periods and 
between the arrival of truckloads, the plant operator either must find 
work for the crews or permit them to remain idle. When smaller crews are 
employed, fewer man-hours of labor are lost because of idle time between 
jobs. 


Unloading Boxes of Apples from Orchard Trailers 
and Moving to Storage 


The methods of receiving fruit from orchard trailers at the belt- 
conveyor and hand-truck plant are not greatly different from the methods 
of unloading from road trucks. The amount of setup and cleanup time is 
smaller when unloading from orchard trailers but the total amount of time 
in either case is not very great. Trailers usually are pulled up along- 
side the receiving portal or belt extension and are unloaded from the 
side (fig. 26). Thus, no labor is used in arranging extension conveyors. 


yuna apeseaee 
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Figure 26.--Unloading boxes of apples from an orchard trailer 
to a belt conveyor. 
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Another difference in receiving from road trucks and from trailers is 
that boxes on the trailers are stacked only two or three boxes high, 
which results in more lifting as the worker places the boxes on the belt. 
On road trucks when boxes are stacked 6-high, the upper boxes are lifted 
and swung down to the belt. Consequently, 29 percent of the productive 
labor required for unloading a trailer is used in placing fruit on the 
belt as compared with 27 percent when unloading boxes from 6-high stacks 
on road trucks. 


3-man crew.--The labor requirements per 1,000 unpacked boxes of 
apples for unloading from an orchard trailer and moving into storage by 
use of a 3-man crew areshown in table 14. 


Table 14.--Labor required for a 3-man crew to unload and move 1,000 unpacked boxes of apples into 
storage from an orchard trailer by use of belt conveyors and clamp-type 2-wheel hand trucks 1/ 


ry :Productive: Fatigue : Wait : Total 
Operator icrecusy labor s:allowance: time : labor 
:Number : Man-hours Man-hours Man-hours Man-hours 

Set up and clean up : Zz 3s” 10.10 0.0 0.32 0.42 
Placing boxes on a belt conveyor (conveyor : 

moves boxes 50 feet) : 1 : 1.18 24 ° 36 1.78 
Transfer boxes from belt conveyor to 6=-high : 

stacks Lt =: 2.25 025 242 1.78 
Pick up 6-high stacks by use of 2-wheel hand : 

truck er ane 229 203 Ae) 252 
Transport 6-high stacks 50 feet by use of : 

2-wheel hand truck 1 97 -10 0 1.07 

Release 6=-high stacks from 2-wheel hand truck af 205 04 Ae) 239 

Total man-hours Sia Sees 4,02 264 10 5-76 

Elapsed time--hours : : 1392 


a Labor requirements shown do not include piling boxes above 6-high stacks. This size 
crew can receive 27 orchard trailer loads of 144 boxes each per 8-hour day. 


Comparative Labor Requirements for Unloading 
from Road Trucks and Orchard Trailers 


Crew sizes and arrangements for unloading at the belt conveyor plant 
usually are the same when unloading from trailers as when unloading from 
road trucks. Labor requirements per 1,000 boxes to transfer the fruit 
from the belt to stacks and to wheel it to storage position are identical. 
The principal differences in labor requirements for other parts of the 
operation are shown in table 15. When unloading from road trucks, 0.09 
of a man-hour less labor is required to place boxes on the belts. How- 
ever, the setup and cleanup labor is reduced 0.06 man-hours, which makes 
& very small net difference of 0.03 man-hours per 1,000 boxes. 
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Table 15.-—-Comparative labor requirements for specified operations performed in unloading 
1,000 unpacked boxes of apples from road trucks and orchard trailers by use of 
belt conveyors and a 3-man crew 1/ 


; Operation : 
: Placing : Stacking : $ : Total 
Transportation equipment ;) “bones on a boxesrcttl. : ; labor 
: belt con- : belt con- ; Set up , Clean up, 
: veyor $ veyor . ¢ : 
: Man-hours Wan-hours Man-hours Man-hours:Man-hours 
Unloading a road truck at the warehouse : 1.09 1.13 0.09 0.07 :s 238 
Unloading an orchard trailer at the 3 B 
warehouse : 1.18 1.13 205 OS  : 2.41 
Increased labor for unloading from : : 
orchard trailer $ 209 20 - .04 - O02 ¢ 203 


V/ Although only 1 worker of 3-man crew unloads truck or trailer, all 3 help in set up and 
clean up. 


Comparative Costs of Receiving from Road 
Trucks and Orchard Trailers 


Table 16 shows the estimated labor and equipment costs of receiving 
from orchard trailers as slightly less than the costs of receiving from 
highway trucks. Differences in labor required are accounted for in the 
operations involved in placing fruit on the belt, and in setup and 
cleanup. With a 3-man crew, the cost per 1,000 boxes when unloading from 
trailers is $8.34, which roughly is 1 percent less than when unloading 
from road trucks. The principal consideration in the use of road trucks 
or trailers should be the possible economy in the hauling to the warehouse. 


Table 16.--Comparative labor and equipment costs of unloading and moving 1,000 unpacked boxes of apples into 
storage by use of clamp-type 2-wheel hand trucks and belt conveyors with a 3-man crew receiving from 
orchard trailers and from road trucks 1/ 


a Labor and equipment required ; Labor and equipment costs 
*Elapsed? : 
Transportation equipment and method : a = Equipment * Wait * Total ? > Labor :___lotal cost 
: 3 time : time * labor Equipment: 2/ :Current;Assumed 
3 3; Wages ; wages 


: . . . 
s 2 : . 


Road truck : : 
One man places boxes on, 1 man 
stacks boxes off conveyor, 1 man 


hand trucks 1.94: 3/562 : la 5.82 : 1.74 6.69 8.43 9.89 
Orchard trailer : : : 
One man places boxes on, 1 man 
stacks boxes off conveyor, 1 man : : : : 
hand trucks : 1.92 : 4/ 5.76 : 1.10 5.76 oP heite 6.62 8.34 9.78 


1/ In all hand-trucking operations boxes of fruit are handled in unit loads consisting of 6-high stacks. 
Costs shown do not include piling boxes above 6-high stacks. Transportation distance standardized at 100 feet, 
50 feet by use of belt conveyors, and 50 feet by use of hand trucks. 

2/ Computed from "current" wage rates. 

3/ Clamp-type 2-wheel hand truck, 100-foot belt conveyor, and 15-foot gravity roller conveyor 1.94 machine- 
hours each, total 5.82 machine-hours. 

4/ Clamp-type 2-wheel hand truck, 100-foot belt conveyor, and 15-foot gravity roller conveyor 1.92 machine- 
hours each, total 5.76 machine-hours, 
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Clamp-Type 2-Wheel Hand Trucks 
and Floor Chain Conveyors 


The floor chain conveyor is a relatively new type of equipment in 
Washington State apple houses. Only four plants in the State were using 
this equipment during the 1950-51 season. Floor chain conveyors are used 
for receiving fruit at the warehouse; moving fruit from the cold storage 
rooms to the washing and packing line; and feeding boxes into stack- 
breakers, stackmakers, or mechanical dumpers. - 


As shown in figure 27, the 
floor chain conveyor consists of two 
separate endless chains resting in 
channel irons imbedded in the floor. 
The conveyor is powered by an elec- 
tric drive unit also installed in 
the floor, which is operated by an 
automatic cut-off switch. Six-high 
stacks of boxes are released and 
picked up from the chain with clamp- 
type 2-wheel hand trucks. Chain 
speeds vary from 10 to 30 feet per 
minute. 


For receiving boxes of unpacked 
fruit at the storage plant, the 
floor chain conveyor frequently is 
used to accumulate a supply of stacks 
which it moves into a stackdumper.1/ 
Placing stacks on a floor chain 
tends to even out the work load in 
supplying the dumper and avoids the 
extra handling of boxes that occurs 
when the boxes are fed to the dumper 
one at a time. 


Figure 27.--A floor chain conveyor in a 
For use in receiving, floor storage room. 


chain conveyors usually range from 
50 to 125 feet in length. These conveyors operate in only one direction, 
and chains for receiving cannot be used for other operations. 


When floor chain conveyors are used for receiving fruit, 6-high 
stacks of boxes are hand trucked off the road truck or trailer a distance 
ranging from 20 to 35 feet from the road truck to floor chains which 
extend from the receiving platform to some point inside the cold storage 


14/ See footnote 3, page 10. 
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room and are released on the conveyor (fig. 28). The stacks, resting on 
the conveyor, are moved through swinging doors into the cold storage 
room (fig. 29). Adjacent to the point where the fruit is to be stored, 


Figure 28.--Hand truck being used to Figure 29.--Stacks being conveyed into 
deposit a stack on a floor chain cold storage. 
conveyor. 


hand truckers pick up the slowly 
moving stacks from the chain and 
wheel them to the storage point 
where they are positioned and 
released. The automatic cut-off 
switch near the end of the chain 

is provided in the event workers 
inside the plant are unable to 

keep abreast of the moving stacks 
and the stacks bypass them. The 
switch, shown between the chains 

in figure 30, is activated by a 
stack of boxes passing over it, 
thereby stopping the conveyor. When 
the stack resting on the switch is 
removed, the conveyor starts again. 
When the floor chain is temporarily 
stopped because of an oversupply of 
stacks available to the inside 

erew, several feet of floor chain 
on the receiving platform usually 
are unoccupied and this space serves 
as accumulation space which avoids 
the necessity for stopping the crew. 
This makes possible a flexible sys- 


Figure 30.--A stack approaching the un- 
loading end of a chain conveyor. When tem of continuous work. 
the stack reaches the switch the con- 


The layouts of plants using 


veyor stops. i ivi 
eyor stops floor chain conveyors for receiving 
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are rather varied. However, the cold storage rooms served by these 
conveyors usually are similar. Usually the areas served by floor chain 
conveyors are relatively long and narrow. The width of the cold storage 
room usually determines the number of conveyors installed since it is 
desirable to keep to a minimum the distance fruit is hand trucked from 
the side or the end of the chain to the storage point. 


To obtain maximum utilization of floor chain conveyors for receiving 
fruit, most plants that do not have installations in all their cold stor- 
age rooms attempt to move unpacked fruit out of the rooms having conveyor 
installations as promptly as possible. This fruit is moved to the packing 
line during the receiving season. Because of this practice, floor chain 
conveyors may handle more fruit during a season than the capacity of the 
cold rooms they serve. 


When unloading a road truck or trailer to floor chain conveyors, 
workers first place bridgeplates from the receiving platform to the bed 
of the vehicle and begin unloading 6-high stacks with hand trucks. The 
method used is identical to that of unloading fruit in a clamp-type 
hand-truck plant. However, stacks are not hand trucked to storage posi- 
tion but are moved to and released on the floor chain conveyor. Since 
these conveyors can accommodate the equivalent of two or more truckloads 
in 6-high stacks, there seldom are stacks of boxes or other factors that 
interfere with this release. It is necessary for the workers to release 
the stack of boxes so that the outer edges or cleats on the box ride on 
the chains. This factor requires no extra time in making the release. 


The floor chain conveyor breaks the sequence of operations of the 
crew unloading fruit from the vehicle and the workers inside the plant. 
The men unloading the highway truck use hand trucks to move stacks a 
distance of 10 to 30 feet, which permits rapid unloading of the truck. 
As pointed out, the chains usually are of sufficient length to hold one 
or two truckloads of boxes. Thus, the workers outside the plant can 
begin work on a second load before the inside crew has completely re- 
moved the first load of boxes from the floor chain to a final storage 
position. 


The part of the crew inside the plant consists of hand truckers who 
move fruit from the conveyor to storage position. The hand-trucking 
operation in the storage room is the same as in the belt conveyor plant 
except that when unit loads are picked up from the floor chain conveyor, 
the pickup occurs under relatively "free" conditions, permitting a 
slight reduction in labor as compared to that required for belt-conveyor 
hand trucking. 


- 55 - 


Unloading Boxes of Apples from Road Trucks 
and Moving to Storage 


When unpacked boxes of apples are received from highway trucks, at a 
floor chain conveyor plant, three different methods, based on differences 
in crew sizes, are used. The efficiency of a large crew depends in part 
on the distance fruit is moved from the floor chain conveyor to its 
storage point. At the standardized transportation distance of 100 feet 
used for comparative analysis, it is assumed that hand trucking fruit 
from the road truck to the floor chain conveyor accounts for 20 feet, the 
floor chain conveyor 50 feet, and hand trucking from the conveyor to the 
storage point 30 feet. 


One worker.--In a floor chain conveyor plant, fruit can be unloaded 
and moved into storage by one worker. This worker trucks fruit to the 
floor chain conveyor until the road truck is unloaded. The truckload 
accumulates on the chains (fig. 31). After the truck leaves, the same 
worker hand trucks the fruit to storage. 


About 5 percent of the produc- 
tive labor of one worker is spent 
in setup and cleanup. No time is 
lost in delays or waiting. More 
productive labor is required to 
transport the fruit away from the 
floor chain conveyor where the 
transportation distance is greater 
than for moving the fruit onto the 
conveyor. As shown in table 17, 
the elapsed time required for one 
worker to handle 1,000 boxes is 2.63 
hours. However, the road truck is 
not tied up for this length of time. 
It is held only for the unloading 
time. The actual elapsed time for 
unloading a truck is approximately 
1.31 hours per 1,000 boxes or 23 min- 
utes for a 288-box truckload. Plants 
do not use one worker alone during the 
peak receiving season for unloading 
since a road truck would be delayed 
while the worker emptied the floor 
chain conveyor. 


2-man crew.--A 2-man receiv- 
ing crew is used more frequently 
at a floor chain conveyor plant. 
One worker unloads the truck and 
releases the fruit to the conveyor, 


Figure 31.--A truckload of boxes 
accumulated on a floor chain 
conveyor. 
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Table 17.--Labor required for 1 worker to unload and move 1,000 unpacked boxes of apples into 
storage from a road truck by use of clamp-type 2-wheel hand trucks and 
floor chain conveyors 1/ 


3 :Productive: Fatigue : Wait : Total 
eration Work EUcs- 
OP 3 2 ie labor sallowance: time : labor 


a —— ee 


Set up and clean up SP ele Ase 105 ate 0.0 0.0 0.12 
Pick up 6—high stacks on road truck bed by use : : 

of 2-wheel hand truck 30 les 239 204 me) 043 
Transport 6-high stacks 20 feet by use of A 4 - 

2-wheel hand truck Pr 245 205 00 250 
Release 6-high stacks on floor chain conveyor : : 

by use of 2-wheel hand truck (conveyor moves : 

stack 50 feet) < a 2» 24 202 00 - 26 
Pick up 6-high stacks off floor chain conveyor : 

by use of 2-wheel hand truck : 4. 22d 02 20 22d 


Transport 6-high stacks 30 feet by use of : 
2-wheel hand truck Poel : 62 206 Ae) 68 
Release 6-high stacks in storage by use of : 


2-wheel hand truck es cant es .04 .0 .39 
Total man-hours ee ean e's 23 .0 2.63 
Elapsed time—hours ‘ : 2.63 


1/ Labor requirements shown do not include piling boxes above 6-high stacks. One worker 
can receive 10 road truckloads of 288 boxes each per 8hour day. ; 


and another inside the plant removes stacks from the conveyor and hand 
trucks them to storage position or to a high-piling crew. 


The distribution of the work done by a 2-man crew is almost identical 
with that of one worker, except that a small amount of wait time develops. 
The wait time in hand trucking is a result of the greater hand-truck 
distance inside the storage room, and the labor required to unload the 
truck is increased. The wait time in the setup operation is the time 
required for the first stack to reach the inside worker after unloading 
starts. 


As shown in table 18, 1,000 unpacked boxes can be unloaded and moved 
to storage with 3.04 man-hours of labor. The elapsed time required is 
roughly 1.52 hours per 1,000 boxes or 26 minutes per truckload. 


4-man crew.--When a 4-man crew is used, two workers place fruit on 
the floor chain conveyor from the road truck and two workers hand truck 
stacks from the conveyor to the storage point inside the storage room. 


Table 19 shows that 0.87 man-hour of labor per 1,000 boxes was lost 
in wait time, or slightly less than 25 percent of the total labor re- 
quired. The majority of this wait time is in the setup and cleanup 
operations. The total labor to receive 1,000 boxes was 3.50 man-hours. 
The elapsed time to unload a highway truck is 16 minutes per highway 
truckload of 288 boxes or 0.88 man-hour per 1,000 boxes. 
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Table 18.--Labor required for a 2-man crew to unload and move 1,000 unpacked boxes of apples into 
storage from a road truck by use of clamp-type 2-wheel hand trucks and floor chain conveyors 1/ 


:Productive; Fatigue ; Wait 2 Total 


Operation jlorkers’ “jabor allowance: time labor 


:Number : Man-hours Men-hours Man-hours Man-hours 
Set up and clean up : 2 : O12 0.0 0.28 0.40 
Pick up 6-high stacks on road truck bed by use : : 
of 2-wheel hand truck : 1 : 259 04 Ao) 043 
Transport 6-high stacks 20 feet by use of : : 
2-wheel hand truck Pe ar 245 709 0 250 
Release 6-high stacks on floor chain conveyor : : 
by use of 2-wheel hand truck (conveyor moves 3 : 
stacks 50 feet) > 1 ;: 2 a4 soe 013 239 
Pick up 6-high stacks off floor chain conveyor ; : 
by use of 2-wheel hand truck >: dso: 025 202 mae) 220 
Transport 6-high stacks 30 feet by use of : : 
&-wheel hand truck >: 1: 62 06 20 -68 
Release 6-high stacks in storage by use of 2 ; 
2-wheel hand truck rye See Aoi) 04 AS} 2 39 
Total man-hours eos : 2.40 +) o41 3.04 
Elapsed time-=hours : s 1.52 


1/ Labor requirements shown do not include piling boxes above 6-high stacks. This size 
crew can receive 17 road truckloads of 288 boxes each per 8-hour day. 


Table 19.--Labor required for a 4-man crew to unload and move 1,000 unpacked boxes of apples into 
storage from a road truck by use of clamp-type 2-wheel hand trucks and floor chain conveyors 1/ 


sProductive: Fatigue : Wait : Total 
: labor sallowance;: time 3: labor 
sNumber : Man-hours Man-hours Man-hours Man-hours 


a SS 


Operation *Workers 


Set up and clean up : 4 3: 0.12 0.0 0.52 0.64 
Pick up 6-high stacks off the road truck bed by : : 

use of 2-wheel hand truck : 2 3: 209 204 20 043 
Transport 6-high stacks 20 feet by use of : : 

2-wheel hand truck eee 245 05 2/ .12 62 
Release stacks on floor chain conveyor by use Hy : 

of 2-wheel hand truck (conveyor moves stacks ; 3 

50 feet) Sie wean ° e4 202 «12 208 
Pick up 6-high stacks off floor chain conveyor : H 

by use of 2-wheel hand truck 3 ce: oko 202 0 225 
Transport stacks 30 feet by use of 2-wheel : : 

hand truck hee ame 362 206. ef sil 79 
Release stacks in storage by use of 2-wheel : ; 

hand truck ie ee ae 2355 204 0 259 


Total man-hours = : 2.40 Pre) 287 3.50 


eo ce 
° 

© 
[e9) 


Elapsed time--hours 


1/ Labor requirements shown do not include piling boxes above 6-high stacks. This size 
crew can receive 29 road truckloads of 288 boxes each per 8-hour day. 
2/. Waiting caused by crew interference. 


Comparison of different size crews.--Equipment costs incurred in 
receiving fruit by use of floor chain conveyors are relatively high. 
When only one worker is employed for receiving, equipment costs are 


- 58 - 


almost as great as labor costs. When labor costs are computed on the 
basis of "current" wage rates, the total cost for receiving 1,000 boxes 

of apples is lowest for a 4-man crew. During slack receiving periods, 

the use of only one worker for receiving probably would be most efficient. 
However, there is always the possibility of three or four trucks arriving 
about the same time and use of only one worker would mean considerable 
wait for the trucks. Therefore, considering all factors involved, most 
plants probably will find that a 2-man crew is most desirable because of 
the elapsed time factor. ‘i 


During the peak of the receiving season when the reduction of elapsed 
time for unloading road trucks is important, the 4-man crew probably would 
be most desirable. It is possible that when high-piling operations are 
performed, coordination of receiving and high-piling operations might alter 
other considerations involved in these crew sizes. Table 20 presents a 
comparison of labor and equipment costs for three sizes of crews. 


Table 20,.--Comparative labor and equipment costs for unloading from road trucks and moving into storage 
1,000 unpacked boxes of apples by use of clamp—type 2-wheel hand trucks and floor 
chain conveyors when crews of specified sizes are employed au 


4 ~ Labor and equipment required 3 Labor and equipment costs 
“Elapsed: - 

Crew size and method F : : A = : Gg 0) cos 
. time {5 Equipment < Wait  : Total ~ 2S DAOOT: Saar nas 
: ; ti > time * Jabor equi pmene? 2/ :Current:Assumed 


: : : wages ; wages 
: Hours :Machine-hours:Man-hours Man-hours: Dollars Dollars Dollars Dollars 


1 worker 
1 worker transports 20 feet to 
chain and 30 feet from chain to 3 : : 
storage 2 2.63 : 3/ 5.26 ;: 0.0 2.63 :; 3.11 3.02 6.13 6.79 


2-man crew 3 
1' worker transports 20 feet to 5 : 
chain, 1 worker transports 3 : 
30 feet from chain to storage : 1.52 ; 4/ 4.56 : 241 5.04 : 1.84 3.50 5.54 6.10 


oo 06 oe 86 


4-man crew ; 
2 workers transport 20 feet to 7 $ 
chain, 2 workers transport : 3 
30 feet from chain to storage : .88 3: 


. 
° 


5/ 4.40 :  .87 3.50. + 1,20 4.02 5.12 6.00 


1/ In all hand-trucking operations, boxes of fruit are handled in unit loads consisting of 6-high stacks. 
Costs shown do not include piling boxes above 6-high stacks. Transportation distance standardized at 100 feet, 
50 feet by use of hand trucks and 50 feet by use of floor chain conveyor. 

2/ Computed from "current" wage rates. 

Clamp-type 2-wheel hand truck 2.63 machine-hours, 100-foot floor chain conveyor 2.63 machine-hours, 
total 5.26 machine-hours. 

4/ Clamp-type 2-wheel hand truck 3.04 machine-hours, 100-foot floor chain conveyor 1.52 machine-hours, 
total 4.56 machine-hours, 

5/ Clamp-type 2-wheel hand truck 3.52 machine-hours, 100-foot floor chain conveyor 0.88 machine-hours, 
total 4,40 machine-hours. 


Unloading Boxes of Apples from Orchard Trailers 
and Moving to Storage 


When apples are received from orchard trailers at floor chain 
conveyor plants an additional operation is involved, since boxes of 
apples on the trailer are in stacks two or three boxes high. (This 
analysis is based on 3-high stacks.) These stacks must be built to 
6-high stacks before they are hand trucked to the floor chain. The 
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cost of this additional operation must be added to the costs of the road 
truck unloading operation. Delay time also is greater than in road truck 
unloading, because of extra work involved in unloading trailers. 


2-man crew.--When a 2-man receiving crew is used to unload trailers 
at a floor chain conveyor plant, one worker (usually the tractor driver) 
on the trailer stacks the boxes 6 high. The other worker hand trucks 
stacks from the trailer onto the floor chain conveyor at the trailer end 
and hand trucks them off in the storage room. This size crew for unload- 
ing trailers is equivalent to one worker for unloading road trucks. 


As shown in table 21, the total labor required for the two-man crew 
is approximately the same as the lebor required for one worker to unload 
road trucks, but the elapsed time is slightly less. The time the trailer 
is tied up at the plant for unloading is 11 minutes per 144 boxes. It 
should be pointed out that with a l-man crew, if several trailers arrive 
at the warehouse simultaneously there will be considerable waiting to 
unload while the stacks of boxes are being removed from the floor chain 
conveyor. 


Table 21.--Labor required for a 2-man crew to unload and move 1,000 unpacked boxes of apples into 
storage from an orchard trailer by use of clamp-type 2-wheel hand trucks and 
floor chain conveyors 1 


: sProductives Fatigue : Wait: Total 
Operation ;Workers , labor :allowance: time ;: labor 


:Number :Man-hours Man-hours Man-hourse Man-hours 


Set up and clean up i 12 0.10 0.0 0.10 0.20 
Build 3-high stacks of boxes into 6-high stacks: 1 3; 097 19 205 1.19 
Pick up 6-high stacks off orchard trailer by 5 3 
use of 2-wheel hand truck 1 239 04 Ae) 2 43 
Transport 6-high stacks 20 feet by use of 
2-wheel hand truck 1 245 205 0 290 
Release 6-high stacks on floor chain conveyor ; 
by use of 2-wheel hand truck (conveyor moves: 3 
stacks 50 feet) +4 al : 0 2% O02 0 26 
Pick up 6=-high stacks off floor chain conveyor 3 
by use of 2-wheel hand truck Le? axe 023 02 00 02d 
Transport 6-high stacks 30 feet by use of : 2 
2-wheel hand truck s. 2S: 262 206 20 -68 
Release 6-high stacks in storage by use of 5 
2-wheel hand truck Li oes 035 204 20 239 
Total man-hours 2: = 3: 3.35 242 013 3.90 
Elapsed time—hours : 3 2.61 


1/ Labor requirements shown do not include piling boxes above 6=high stacks. 


3-man crew.--When the 3-man crew is used to receive apples from 
_ orchard trailers at a floor chain conveyor plant, one worker, usually 
the tractor driver, builds 6-high stacks of boxes from 3-high stacks. 
One worker hand trucks stacks of boxes from the trailer bed and releases 
them on the floor chain conveyor. The third worker, inside, removes 
stacks from the floor chain conveyor and transports them to cold storage 
position. 
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This crew size and arrangement provides a fairly well balanced 
operation. However, there are delays, the majority of which occur in 
setup and cleanup. The amount of wait is large on a 1,000-box basis 
because the average trailer hauls about 144 boxes. There also is some 
delay on the part of the worker hand trucking from trailer to conveyor, 
because one worker inside the storage room cannot remove stacks from the 
conveyor as rapidly as they arrive, since he transports 30 feet compared 
with 20 feet for the worker loading onto the conveyor. Of the total 
labor 24 percent is unproductive because of delays. The elapsed time to 
unload a trailer with this size crew is 1.66 hours per 1,000 boxes or 
approximately 14 minutes per 144-pox trailer load (table 22). 


Table 22.--Labor required for a 3-man crew to unload and move 1,000 unpacked boxes of apples into 
storage from an orchard trailer by use of clamp-type 2-wheel hand trucks and 
floor chain conveyors 1/ 


— :Productive: Fatigue : Wait : Total 
Operechcr poe crs : labor :allowance: time : labor 
Number : Man-hours Man-hours Man-hours Man-hours 
Set up and clean up : 3 =: 0.10 0.0 0.92 1.02 
Build 3-high stacks of boxes into 6—-high : : 
stacks : Ls 97 od. 16 LeS2 
Pick up 6-high stacks off orchard trailer by 
use of 2-wheel hand truck : aks 239 204 me) 43 
Transport 6=high stacks 20 feet by use of : = 
2-wheel hand truck : Lae 245 05 20 -50 
Release 6-high stacks on floor chain conveyor :; : 
by use of 2-wheel hand truck (conveyor moves : 
stacks 50 feet) : io: 224 202 013 39 
Pick up 6-high stacks off floor chain conveyor : : 
by use of 2=-wheel hand truck : 1 : 025 02 Ale) 225 
Transport 6-high stacks 20 feet by use of : 
2-wheel hand truck : al : 62 .06 -0 68 
Release 6-high stacks 30 feet by use of : : : 
2-wheel hand truck : 1 : 035 04 -O 239 
Total man-hours : - 3: §.35 42 el 4.98 
Elapsed time—hours 3 3 1.66 


Lf Labor requirements shown do not include piling boxes above 6-high stacks. 


Comparison of 2-man crew and 3-man crew.--As shown in table 23, labor 
and equipment costs of receiving from orchard trailers are lower with a 
3-man crew than a 2-man crew. During the peak receiving period when the 
rate of unloading is important, a 3-man crew would be the best arrange- 
ment. During the slack receiving period the smaller crew would be more 
efficient. 


Comparative Labor Requirements for Unloading and Moving 
Boxes of Apples into Storage from Road Trucks 
and Orchard Trailers 


The crew sizes and their arrangement employed for unloading orchard 
trailers conform closely to those employed for unloading highway trucks 


EG 


Table 23.—-Comparative labor and equipment costs for unloading from orchard trailers and moving into storage 
1,000 unpacked boxes of apples by use of clamp-type 2-wheel hand trucks and floor chain 
conveyors when crews of specified sizes are employed 1/ 


Labor and equipment required Labor and equipment costs 


O° cos 


Crew size and method 4 : 
uae :Current:Assumed 


* Equipment * Wait  * Total * 
$ time * time 


* Labor 
labor Eau tement: 2/ 


ars 


2-man crew : 

I worker hand stacks boxes from 7 

3 to 6 high on the trailer bed. 8 : 3 
Another worker hand trucks stacks : 7 : : 
onto the floor chain and later . R : A 
the same worker trucks the stacks : : A : 

from the chain to storage position: 2.61 : 3/ 5.22 : 0.13 3.90 : 3.09 4.49 7.58 8.55 


i=] 
i 
co} 
a 
E 
° 
: 
& 
E 
° 
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3-man crew : : : : 
1 worker hand stacks boxes from : 
3 to 6 high on the trailer bed. 
Another worker hand trucks stacks 
to the floor chain conveyor. At 
the same time, the third worker 
trucks the stacks from the chain : 3 : : 
to storage position : 1.66 ; 4/ 4.98 : 1.a1 4.98 : 2.01 5.73 7.74 8.98 


+ 00 oe 


oe 08 oe op oe 


oo 2h 06 06 ve 


1/ In all hand-truck operations, boxes of fruit are handled in unit loads consisting of 6-high stacks. 
Costs shown do not include piling boxes above 6-high stacks. Transportation distance standardized at 100 feet, 
50 feet by use of hand trucks and 50 feet by use of floor chain conveyor. 

2/ Computed from "current" wage rates. 

/ Clamp-type 2-wheel hand truck 2.61 machine-hours, 100-foot floor chain conveyor 2.61 machine-hours, 
total 5.22 machine-hours. 

4/ Clamp-type 2-wheel hand truck 3.52 machine-hours, 100-foot floor chain conveyor 1.66 machine-hours, 
total 4.98 machine-hours. 


Table 24.--Comparative labor requirements under specified conditions for unloading 1,000 boxes of 
apples from road trucks and from orchard trailers by use of clamp-type 2-wheel 
hand trucks and floor chain conveyors 1/ 


Method and equipment *Workers Sere ta ere ee H por: 


Number Wan-hour s Wan-hours Man-hours Man-hours 


— SS Se 


eo joo 
color oo 


Total labor required to unload 1,000 boxes 
from orchard trailers and move to storage-- 
e-man crew 

Total labor required for building 3-high 
stacks to 6-high stacks on the trailer bed-- 
including the allowance and wait time for 
this operation (1,000 boxes) 


5.35 0.42 0.13 3.90 


297 19 2035 1.19 


~ 
ee foo of co cf of oe 0% wo 


eo jce 00 00 Of cf oF wo ve 


Total labor required to unload 1,000 boxes; 
from orchard trailers and move to storage; 
by use of 2-man crew minus labor required; 
for building 3-high stacks to 6-high 


hw 


2.58 225 pp te) 2.71 
Total labor required to unload 1,000 boxes: 
from road trucks and move into storage-- : 


1 worker ee al 2.40 Ara) rie] 2.63 


00 oe ec e¢ colon oo 


1/ In all hand-trucking operations, boxes of fruit are handled in unit loads consisting of 
6-high stacks. Labor requirements shown do not include piling boxes above 6-high stacks. 
Transportation distance standardized at 100 feet, 50 feet by use of hand trucks and 50 feet by 
use of floor chain conveyor. 
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except for the additional worker required on trailers for stacking boxes 

6 high. Thus, a 2-man crew unloading boxes from trailers requires about 
the same man-hours of labor as one worker unloading for road trucks, after 
the labor of the stackmaker is subtracted (table 24). The difference in 
productive labor required for unloading the two types of vehicles, after 
this adjustment is made, is only 0.02 man-hour per 1,000 boxes. When 

wait time is included, the difference in total labor amounts to 0.08 man- 
hour per 1,000 boxes. 


Belt Conveyor, Stackmaker, Floor Chain Conveyor 
and Clamp-Type 2-Wheel Hand Truck 


In seeking to reduce labor requirements during harvest, the manager 
of one belt-conveyor and hand-truck plant has installed a stackmaker and 
floor chain conveyor. This equipment was used experimentally during 
1950-51 and 1951-52 seasons. This stackmaker operates on the third floor 
of the plant. Single boxes of apples are moved from the receiving plat- 
form to this floor on a belt conveyor by the method described for this 
type of equipment. As the boxes reach the third floor they are fed by 
the belt conveyor into the stackmaker, which builds them into stacks 
6 boxes high (fig. 32). 


Figure 32.--Boxes from a belt conveyor going into stackmaker. 
Stacks automatically move out onto the floor chain conveyor 
after they are built 6 boxes high. 
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When a stack contains six boxes, the stack automatically moves to a 
floor chain conveyor. The conveyor moves the stack toward the storage 
position (fig. 33), where it is picked up by clamp-type 2-wheel hand 
trucks and trucked to storage position or the high-piling crew. The 
stackmaker eliminates the workers who ordinarily would be used to off- 
load the belt conveyor and manually build the boxes into 6-high stacks. 
The floor chain conveyor transports the stacks toward the desired storage 
point, thereby reducing the distance the clamp-type hand truck operators 
move the fruit to storage. 


Figure 33.--A stack moves on the floor chain conveyor 
where it will be picked up by a hand truck and moved 
to storage postition. 


aelee 


Unloading Boxes of Apples from Road Trucks 
and Moving to Storage 


2-man crew.--Two different crew sizes and arrangements have been 
tried with this combination of types of equipment--belt conveyor, stack- 
maker, floor chain conveyor, and clamp-type 2-wheel hand truck. When a 
2-man crew is used, one worker places boxes on the belt conveyor at the 
receiving platform and one worker picks up stacks from the floor chain 
conveyor and transports them to storage position. Nineteen percent of 
the total labor is lost by delays (table 25). Most of this delay occurs 
when the worker placing fruit on the belt cannot proceed because the belt 
is shut down by the worker picking up stacks from the floor chain con- 
veyor. This temporary work stoppage is necessary because stacks of boxes 
move onto the floor chain conveyor too fast for one worker to remove them 
and are transported beyond his pickup station. That is, if the worker 
hand trucking stacks away from the floor chain conveyor does not remove 
a stack of boxes at the proper time, the stack rolls to the end of the 
floor chain conveyor where it touches the limit switch stopping the 
conveyor. Rather than permit the boxes to roll past, the hand truck 
operator removing fruit from the conveyor intermittently stops the chain, 
which automatically stops the belt conveyor. One of the ways of reducing 
this delay would be the use of a portable limit switch so constructed 
that the hand truck operator could place it at various points along the 
floor chain conveyor. When such a switch is used, the stacks of boxes 
will not proceed beyond his pickup point. However, with such an arrange- 
ment there is a possibility that a hand truck operator would tend to 
reduce his rate of trucking. Labor requirements for a 2-man crew are 
shown in table 25. 


Table 25.--Labor required for a 2-man crew to unload and move 1,000 unpacked boxes of apples into 
storage from a road truck by use of belt conveyor, stackmaker, floor chain conveyor, 
and clamp-type two-wheel hand truck 1/ 


: : :Productive: Fatigue : Wait : Total 
Operations ,Horkers’ labor  :allowance: time : labor 
:Number : Man-hours Man-hours Man-hours Man-hours 
Set up and clean up 5 Ree Oe Le 0.0 0.34 0.50 
Place single boxes on belt conveyor (conveyor : 
moves boxes 25 feet) eres 09 ze 40 alayal 
Machine stackmaker builds stacks 6 high and : 
feeds onto floor chain conveyor (conveyor : 
moves stacks 25 feet) 2/ gee) LOE aes 0 - - - 
Pick up 6-high stacks by use of 2-wheel hand 4 
truck 2 +k 2 223 02 20 <25 
Transport 6-high stacks 50 feet by use of : : 
2-wheel hand truck : ut : 97 -10 me) 1.07 
Release 6-high stacks by use of 2-wheel hand : 
truck ieee : 235 04 -O -39 
Total man-hours oe ae ieee 2.80 - 38 74 3.92 
Elapsed time--hours 2 : 1.96 


as Labor requirements shown do not include piling boxes above 6-high stacks. This size 
crew can receive 13 road truckloads of 288 boxes each per 6-hour day. 

2/ The stackmaker is an automatic machine that requires 0.92 of a machine-hour to build 
1,000 boxes of apples into 6-high stacks. 
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4-man crew.--Two workers on the road truck place fruit on the belt 
and two workers hand truck the stacks from the floor chain conveyor to 
storage. As shown by comparing tables 25 and 26 the total man-hours of 
labor were increased approximately one-half of a man-hour per 1,000 boxes 
by use of a 4-man crew. Part of this increase was delay or wait time 
which occurred because the additional crew members stood by during setup 
and cleanup and while the first boxes were traveling on the belt and 
being built into stacks. 


Use of a 4-man crew, when compared with a 2-man crew, reduces the 
elapsed time required to unload 1,000 boxes of apples from 1.96 to 
1.12 hours. The larger crew unloaded and moved a road truckload of 
288 boxes into storage in a little over 19 minutes. 


Table 26.—-Labor required for a 4—-man crew to unload and move 1,000 unpacked boxes of apples into 
storage from a road truck by use of belt conveyor, stackmaker, floor chain conveyor, and 
clamp-type 2-wheel hand trucks 1/ 


: :Productive: Fatigue : Wait :; Total 
Operation ;Workers, japor allowance: time : labor 
<Number : Man-hours Man-hours Man-hours Man-hours 


e 
— ee OS ES 
e 


Set up and clean up : 4 3 0.16 0.0 0.64 0.80 
Place single boxes on belt conveyor (conveyor 3 
moves boxes 25 feet) : 2 : 1.28 2 26 550) 1.84 
Machine stackmaker builds stacks 6 high and Fs QB 
feeds onto floor chain conveyor (conveyor : : 
moves stacks 25 feet) se 050 et: xe) - - - 
Pick up 6-high stacks by use of 2-wheel hand : 
truck 7 em, fs 023 202 205 30 
Transport 6-high stacks 50 feet by use of : : 
2-wheel hand truck 2 2° Ol 210 e/ 08 1.15 
Release 6-high stacks by use of 2-wheel hand 7 : 
truck : Pete 235 204 Ae) 39 
Total man-hours too : 2.99 242 1.07 4,48 
Elapsed time--hours : : Lele 


1/ Labor requirements shown do not include piling boxes above 6-high stacks. This size 
crew can receive 24 road truckloads of 288 boxes each per 8-hour day. 
2/ Wait time caused by crew interference. 


Comparison of 2-man crew and 4-man crew.--On the basis of labor and 
equipment costs a 4-man crew can receive 1,000 boxes of apples at $1.92 
less than a 2-man crew (table 27). The savings are a result of decreased 
equipment costs. The larger crew receives more boxes in a given length 
of time than the smaller crew and equipment costs are distributed over a 
larger number of boxes. However, if a plant has a certain number of 
boxes to receive by use of this equipment 15/, fixed costs (which account 
for the majority of the total costs) will remain the same. In other 


/ The boxes being stored in one cold storage room or on one 
floor level. 


259298 O - 53 - 6 
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words, the hourly cost rate used is based on a certain number of hours 
of annual use. Therefore, the savings attributed to the larger crew are 
based on the assumption the equipment would be used to receive a greater 
total number of boxes than the smaller crew. 


Table 27.--Comparative labor and equipment costs for unloading from road trucks and moving into storage 
1,000 unpacked boxes of apples by use of belt conveyor, stackmaker, floor chain conveyor, and 
clamp-type 2-wheel hand trucks when crew of specified sizes are employed a/ 


Labor and equipment required Labor and equipment costs 


d method ‘Elapsed. 5 = z = = 
poco as euaia ae ‘time > Equipment <= Wait * Total * Labor * PoeaT sees 
7 2 : 3 : sEquipment: :Current:Assumed 
. time * time <= labor Ba Dees wages ; wages 


Dollars Dollars Dollars Dollars 


oe pe ee dee 


Two-man crew 
One worker places boxes on the 
belt conveyor leading into the 
stackmaker., After stacks are 
made, they are wheeled to 
storage from the floor chain 
conveyor by 1 hand trucker 


00 46 46 oe oe oe o 
oe 00 oe oe 


1.96 6.02 4.51 10.53 11.51 


ee 00 oe 08 06 08 oe 00 00 oe 
oo ee oe 


3/ 9.80 : 0.74 3.92 


Four-man crew 
Two workers place boxes on the 
belt conveyor leading into the 
stackmaker. After stacks are 
made, they are wheeled to 
storage from the floor chain 
conveyor by 2 hand trucks 


ee 00 00 00 06 oF oF 6 e0 


oe oe oe oF oF oe 


A o12) (3.9 74/-6572. cz 2507 4.48 : 3,46 5.15 8.61 9.73 


00 oo 26 op 08 2 oo 


1/ In all hand-truck operations boxes of fruit are handled in unit loads consisting of 6-high stacks. 
Costs shown do not include piling boxes above 6-high stacks. Transportation distance standardized at 100 feet, 
25 feet by use of belt conveyor, 25 feet by use of floor chain conveyor, and 50 feet by use of clamp-type 
2-wheel hand trucks. 

2/ Computed from "current" wage rates. 

3/ Clamp-type 2-wheel hand trucks, 50-foot belt conveyor, 50-foot floor chain conveyor, stackmaker, and 
15-foot gravity roller conveyor 1.96 machine-hours each, total 9.80 machine-hours. 

4/ Clamp-type 2-wheel hand trucks 2.24 machine-hours, and 50-foot belt conveyor, 50-foot floor chain con- 
veyor, stackmaker, and 15-foot gravity roller conveyor 1.12 machine-hours each, total 6.72 machine-hours. 


Unloading Boxes of Apples from Orchard 
Trailers and Moving to Storage 


Although apples could be received from orchard trailers by use of 
stackmakers in combination with belt conveyor, floor chain conveyor, and 
clamp-type 2-wheel hand trucks, the one plant using the stackmaker did 
not receive fruit on trailers. The required labor could easily be ascer- 
tained by combining data on the use of the stackmaker when unloading 
road trucks, previously discussed, with data on unloading orchard 
trailers at a belt conveyor plant. The labor required to receive apples 
with a stackmaker in combination with other equipment may be calculated 
in a similar way when the fruit is unloaded from road trucks. 
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Clamp-Type 2-Wheel Hand Trucks and Elevators 


None of the four Washington State apple packing and storage plants 
that use elevators for moving fruit between floors depend entirely on 
this type of equipment for interfloor transporation. That is, elevators 
are installed to serve only parts of these plants. None of the elevators 
in use are of the automatic type. Therefore, an operator is required to 
ride with the load. The speed of the elevators ranges from 27 to 59 feet 
per minute. The number of boxes carried by elevators, in the plants 
studied, ranges from 72 to 162 boxes. Other Washington State plants have 
elevators that carry loads of from 12 to 180 boxes. 


In elevator plants, fruit is unloaded by use of clamp-type 2-wheel 
hand trucks either from orchard trailers or from road trucks. Therefore, 
the method of unloading is the same as that previously described for 
clamp-type 2-wheel hand truck operations either alone or in combination 
with floor chain conveyors. 


When only one elevator is available, fruit may be handled on the 
elevator by either of two methods. By the first method, the fruit is 
(1) hand trucked to a temporary bank or block on the first floor near 
the elevator shaft, (2) then moved onto the elevator in stacks of boxes, 
(3) lifted to the floor on which they are to be stored, (4) trucked again 
to a temporary bank on the storage floor, and (5) hand trucked in stacks 
to "permanent" storage. The work of the crews in moving the fruit to 
and from the elevator is coordinated with the cycles of the elevator. 
By the other method, fruit is unloaded directly onto the elevator, lifted 
to the storage floor, and moved from the elevator directly to storage. 
Either of these methods, with modifications, is applicable in a plant 
using two elevators. 


Unloading and Moving Boxes of Apples into Storage 
from a Road Truck by Use of a Single Elevator 


Freight elevator installations are relatively expensive. Their costs 
vary greatly but the assumed cost of a single elevator installation for 
the purpose of this analysis is $13,375. Because of the investment, only 
one Washington State plant has more than one elevator. The use of a 
single elevator is more difficult to coordinate than the use of two 
elevators. 


Fruit moved directly to elevator to storage.--The simplest method 
of using a single elevator in combination with hand trucks is to move 
6-high stacks of boxes directly from the road truck and release the 
_ stacks onto the elevator. For purposes of analysis this distance is 
assumed to be 30 feet. When the elevator is loaded, the three hand 
truckers, with their equipment, ride the elevator to the upper floor 

where they hand truck the fruit 70 feet to storage (the distance 
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remaining from the 100 feet assumed as standard for the purpose of the 
analysis). 16/ After the elevator has been unloaded and the fruit moved 
to storage position, the three workers ride down to pick up the next load 
and repeat the cycle. 


By use of this method, a 3-man crew works 4.70 man-hours to receive 
1,000 boxes (table 28). Most of this labor was spent in productive effort. 
Wait time and fatigue accounted for 24 percent of the total labor. Of the 


Table 28.--Labor required for a 3-man crew to unload and move 1,000 unpacked boxes of apples into 
storage from a road truck by use of a single elevator and clamp-type 2-wheel hand 
trucks when fruit is moved directly to elevator to storage 1) 


: :Productive: Fatigue : Wait : Total 
Operation Workers. labor :allowance: time +: labor 
:Number : Man-hours Man-hours Man-hours Man-hours 


Set up and clean up 5) 2 0512 0.0 0.06 0.18 
Pick up 6—high stacks off the road truck bed by : : 
use of a 2-wheel hand truck : 3 : 39 04 20 243 
Transport 6-high stacks 30 feet to elevator by : 5 
use of a 2-wheel hand truck sao ere ~62 -06 Ri eee 095 
Release 6-high stacks on elevator by use of a : 5 
2-wheel hand truck 3 5. 3s 229 03 Ke) 352 
Elevator cycle 3/ > 3 ¢ Ar0) 0 .40 .60 
Pick up 6-high stacks off the elevator by use : : 
of a 2wheel hand truck se. 2 203 AL) 252 
Transport 6-high stacks 70 feet from elevator : 3 
to storage point by use of 2-wheel hand trucks : 3 : 1.31 13 2/ .07 1.51 
Release 6-high stacks at storage point by use : 7 
of a 2-wheel hand truck : 3. 255 204 Ae) «59 
Total man-hours Hiei 3.57 035 -80 4.70 
Elapsed time--hours : : 4/ 1.57 
2/ Elevator load is 168 boxes. Labor requirements shown do not include piling boxes above 
6-high stacks. 


Wait time caused by crew interference. 
3/ Vertical transportation distance is not included in 100-foot standardized distance. 
4/ This size crew can receive 16 road truckloads of 288 boxes each per 8 hour day if 
arrivals are closely coordinated. 


productive labor required to do the work, 36 percent was used to move 
the fruit to the elevator from the road truck and 55 percent to move it 
from the elevator to storage. 


The elapsed time required to unload 1,000 boxes is 1.57 hours or 
27 minutes per 288-box truckload. Thus, only about 16 road trucks can 


16/ Vertical distance, or distance traveled by elevator, is not 
included. This distance might be included and the total horizontal 
distance adjusted accordingly to retain the standardized transportation 
distance of 100 feet. 
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be unloaded per day provided there is close coordination of the arrivals 
at the warehouse. 


Fruit moved to temporary bank, to elevator, to a temporary bank, and 
to storage.--To minimize the delays inherent in single elevator opera- 
tions, some plants use temporary banks of supply near the elevator to 
break the sequence of operations and the interdependence of various opera- 
tions in the cycle. The first of these temporary banks or blocks 1s set 
up near the elevator shaft on the main floor. Stacks of boxes 6 high are 
first moved from the road truck and placed in this bank. These stacks 
later are moved a short distance onto the elevator. When the elevator is 
unloaded the stacks are again placed in a temporary bank as near the ele- 
vator head as possible. While the elevator is returning for another load, 
hand truckers move the stacks from the second temporary bank to storage. 
While the elevator is being unloaded, hand truckers continue to move 
stacks from the road truck to the temporary bank on the main floor. 


Because of the two temporary banks 50 feet additional transportation 
distance is required to move the stacks 100 feet horizontally from the 
road truck to the storage point, or a total of 150 feet. Of the 150 feet, 
30 feet is for moving stacks out of the first temporary bank onto the 
elevator and 30 feet is for moving stacks off the elevator to the second 
temporary bank. This method involves the use of a 7-man crew. Two workers 
move fruit from the road truck to the first temporary bank and three men 
move it onto the elevator. The three workers who move the boxes onto the 
elevator ride the elevator to the storage floor. At this point they move 
the fruit 30 feet to a temporary bank and return on the elevator to repeat 
the cycle. Two workers stationed on the storage floor move the fruit the 
remaining 60 feet to storage. 


A total of 8.68 man-hours is required to receive 1,000 boxes using 
the banks of supply, 3.93 man-hours more than by the "direct" method 
(table 29). There are two added pickups and releases in moving the fruit 
to and from the temporary banks of supply, plus the additional transpor- 
tation distance. 


The elapsed time required to unload and store the fruit amounts to 
22 minutes per truckload of 288 boxes compared with 27 minutes for the 
method previously described. The reduction in total elapsed time has 
been accomplished by a larger crew, seven men in place of three. The 
most important advantage, however, is the reduced time that the truck 
must remain at the plant. 
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Table 29.--Labor required for a 7-man crew to unload and move 1,000 unpacked boxes of apples into storage from a 
road truck by use of a single elevator and clamp-type 2-wheel hand trucks when fruit is moved into and 
out of 2 temporary banks 1/ 


so :Productive: Fatigue : Wait : Total 
Operation :Workers. jabor :allowance: time : labor 


zNumber :Man-hours Man-hours Man-hours Man-hours 


Set up and clean up : g 2yors fO.12 0.0 0.0 0.12 
Pick up 6-high stacks off the road truck bed by use of 2-wheel : a 
hand trucks : 2 Ds) 204 -.0 243 


Transport 6-high stacks 30 feet to a temporary bank near the 


elevator by use of 2-wheel hand trucks 2 2 -62 006 862 .11 .79 
Release 6-high stacks in bank by use of 2-wheel hand trucks $s 2 : 24 202 -88 1.14 
Pick up 6-high stacks in bank by use of 2-wheel hand trucks : 3 $ 229 203 0 52 
Transport 6—high stacks 30 feet to elevator by use of 2-wheel : B 

hand trucks 2 3 ~62 -06 af .27 .95 
Release 6—high stacks in elevator by use of 2-wheel hand trucks : 3 A) 03 Ae) 32 
Elevator cycle 3/ £3." os 2 Ae) 40 -60 
Pick up 6-high stacks off elevator by use of 2wheel hand trucks: 3 soma eo 03 0 052 
Transport 6-high stacks 20 feet to a temporary bank by use of 3 : 

2-wheel hand trucks atlas eer 06 2/ 227 95 
Release €-high stacks in bank by use of 2-wheel hand trucks 8 3 224 202 Ae) 26 
Pick up 6-high stacks in bank by use of 2-wheel hand trucks se 29 .03 44 76 
Transport 6-high stacks 60 feet to the storage point by use of 

2-wheel hand trucks s)2, 43) Lele Pp ia 2/ .08 1.33 
Release €-high stacks at the storage point by use of 2-wheel : F 

hand trucks : cua: 255 04 20 1.39 

Total man-hours 2 = 3: §.70 A) 2.45 8.68 
Elapsed time--hours 7 : 4/ 1.24 


nV) Elevator load is 168 boxes. Labor requirements shown do not include piling boxes above 6-high stacks. 
Because of handling in and out of 2 temporary banks or blocks, the 100-foot standardized transportation distance 
from road truck to storage point is increased to 150 feet. 

2/ Wait time caused by crew interference. 

cA Vertical transportation distance is not included in total in-plant transportation distance. 

4/ This size crew can receive 20 road truckloads of 288 boxes each per Ghour day. 


Unloading and Moving Boxes of Apples to Storage 
from a Road Truck by Use of Two Elevators 


Work flows smoother when two elevators are available. Two elevators 
permit on- and off-loading to be alternated so that one elevator is in 
loading or unloading position most of the time. 


Fruit moved directly to elevators to storage.--One of the methods of 
receiving apples when two elevators are available is to unload stacks of 
boxes from the road truck and move them directly to the elevators. On 
the floor where they are to be stored, the stacks are moved from the 
elevators directly to storage. This method involves the use of a 5-man 
crew. Two workers transport the fruit 30 feet from the road truck and 
release it onto the elevator. When the elevator is loaded, a third 
worker takes the elevator to the off-loading floor. On this floor the 
elevator operator assists two workers stationed on the storage floor in 
unloading the elevator and moving the fruit the remaining 70 feet into 
storage. Thus, three workers hand truck fruit from the elevator. When 
the elevator has been unloaded the elevator operator takes it down and 
leaves it at the main floor. The elevator operator then takes the second 
elevator, which has been loaded while the first was being unloaded, to 
the storage floor to repeat the cycle. 
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Table 30 shows that a 5-man crew, using two elevators, works 5.25 
man-hours to unload and move 1,000 boxes into storage. Of this time 
25 percent is lost in wait time. A little more than one-third of the 
productive time is spent in loading the elevators. The elapsed time re- 
quired to unload a road truckload of 288 boxes and move the fruit to 
storage is 18 minutes. 


Table 30.--Labor required for a 5—man crew to unload and move 1,000 unpacked boxes of apples 
into storage from a road truck by use of 2 elevators and clamp-type 2-wheel 
hand trucks when fruit is moved directly to elevator to storage 1/ 


: sProductive : Fatdgue ; Wait > Total 
Operation prOrkers. labor Reeanoe: time : labor 
Number : Man-hours Man-hours Man-hours Man-hours 
Set up and clean up : 5 ‘ss -0,12 0.0 0.18 0.30 
' Pick up 6-high stacks off the road truck bed : : 
by use of 2-wheel hand trucks 3 2. 3 259 04 0 43 
Transport 6=-high stacks 30 feet to the 3 : 
elevator by use of 2-wheel hand trucks oe ee -62 s06- 2/* sil 079 
Release 6-high stacks in the elevator by use : : 
of 2-wheel hand trucks : 2. : 229 03 044 276 
Elevator cycle 3/ somes 225 0 250 375 
Pick up 6-high stacks off the elevator by use : : 
of 2-wheel hand trucks 3 3 3 or .:) 03 0 252 
Transport 6-high stacks 70 feet from the : : 
elevator to the storage point by use of : : 
2-wheel hand trucks : 8 : 1.81 013 2/ O07 1.51 
Release 6-high stacks at the storage point by : : 
use of 2=wheel hand trucks 2 : 2355 04 Ale) 059 
Total man-hours 2: - 3: 3.62 PY) 1.30 5.25 
Elapsed time--hours 7 : 4/ 1.05 
A Elevator load is 168 boxes. Labor requirements shown do not include piling boxes above 
6-high stacks. 
2/ Wait time caused by crew interference. 


3/ Vertical transportation distance is not included in 100-foot standardized distance. 
This size crew can receive 24 road truckloads of 288 boxes each per 8-hour day. 


Fruit moved to temporary banks, to elevators, to temporary banks, and 
to storage.--Another method when two elevators are available involves the 
use of temporary banks of supply. A 9-man crew is employed. Two workers 
hand truck fruit off the road truck to a temporary bank of supply near 
the elevators. Two workers move the stacks from the temporary bank of 
supply onto the elevators. At the off-loading floor two workers hand 
truck the stacks to a temporary bank. After one elevator is unloaded 
one of these hand truckers takes the elevator to the on-loading floor 
and brings a loaded elevator to the off-loading floor. Three workers 
stationed on the storage floor transport the stacks of boxes 60 feet to 
permanent storage. 


By use of this method 8.45 man-hours of labor are required to receive 
1,000 boxes to storage, which is 3.20 man-hours greater than when the 
fruit was loaded directly to two elevators (table 31). The additional 
productive labor is required because of two extra pickups and releases, 
and transporting 50 feet added distance. 
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The elapsed time required to unload a truckload of 288 boxes was 
reduced to about 16 minutes, compared with 18 minutes when the two 
elevators were used without the temporary bank of supply. 


Table 31.--Labor required for a 9-man crew to unload and move 1,000 unpacked boxes of apples into storage from a 
road truck by use of 2 elevators and clamp-type 2-wheel hand trucks when fruit is moved into 
and out of temporary banks 1/ 


5 :Productive: Fatigue : Wait : Total 
Cece ato protons: labor :allowance: time : labor 
:Number ; Man-hours Man-hours Man-hours Man-hour s 


Set up and clean up = e2 % - 0.212 0.0 0.0 0.12 
Pick up 6-high stacks off the road truck bed by use of 2-wheel : 
hand trucks : oe: 239 204 -0 243 
Transport 6-high stacks 30 feet to a bank near the elevator by : 
use of @wheel hand trucks et ae 262 -06 2f <1 .79 
Release 6-high stacks in bank by use of 2-wheel hand trucks : ean: 224 02 28 54 
Pick up 6-high stacks in bank by use of 2-wheel hand trucks = rae wee 03 (¢) 252 
Transport 6-high stacks 30 feet to the elevator by use of 7 : 
2-wheel hand trucks we) -62 06 2 .121 79 
Release 6-high stacks in the elevator by use of 2-wheel hand : 
trucks 2 eee -29 203 244 76 
Elevator cycle 3/ = ©, 2 eas 225 -0 225 -50 


Pick up 6-high stacks off the elevator by use of 2wheel hand : 
trucks : 2 : rire) 203 0 soe 
Transport 6-high stacks 30 feet to a bank by use of 2-wheel : 


hand trucks oats 62 06 2 .u 79 
Release 6-high stacks in the bank by use of 2-wheel hand trucks ; eee 224 202 20. 226 
Pick up 6-high stacks in the bank by use of 2-wheel hand trucks ; 3 : 29 203 66 98 
Transport 6-high stacks 60 feet to the storage point by use of 5 
@-wheel hand truck >: 3 : 114 1A 32/) 7021 1.46 
Release 6-high stacks at the storage point by use of 2wheel A p 
hand trucks ee ae 235 204 -0 239 
Total man-hours 1 =: 5.75 53 2.17 8.45 
Elapsed time--hours 3 94 


1 Elevator load is 168 boxes. Labor requirements shown do not include piling boxes above 6—high stacks. 
Because of handling in and out of 2 temporary blocks or banks, the 100-foot standardized transportation distance 
from road truck to storage point is increased to 150 feet. 

2/ Wait time caused by crew interference. 

3/ Vertical transportation distance is not included in total in-plant transportation distance. 


Comparison of Single-Elevator and 
Two-Elevator Methods 


The costs of using elevators to receive fruit to storage are 
comparatively large, especially because of the high capital cost of the 
equipment. When a single elevator is used, the more economical method 
is to move the fruit directly to the elevator and off to storage. 

Table 32 shows that the cost per 1,000 boxes by use of the direct method 
is $10.56 compared with $14.18 when temporary banks of supply are used. 
Under some conditions the use of temporary banks of supply might prove 
superior. The temporary bank of supply method reduces the time of the 
road truck at the plant because of the relatively short distance from the 
receiving platform to the first temporary bank. 


When two elevators are used, the most economical method of receiving 
also is to move the fruit directly to the elevators and from the eleva- 
tors to storage. Receiving costs are increased $3.05 per 1,000 boxes 
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when the fruit is moved through temporary banks of supply. This cost, 
however, could be affected by shorter transportation distances to the 
temporary storage points. The use of temporary banks reduces elapsed 
time for receiving 0.11 hour per 1,000 boxes. 


The decision to use one elevator or two would rest quite largely on 
the length of the receiving season and the total volume of fruit that 
would be handled by use of elevators. The cost data shown in table 32 
are based on assumptions of 400 hours of annual use for the elevators. 
If these hours are not realized, the costs would be higher per box. 
Another cost item that should be taken into account when two elevators 
are used is the additional space required which otherwise would be used 
for cold storage. 


High-Piling Unpacked Boxes of Apples 


In plants that use the types and combinations of types of materials- 
handling equipment discussed in previous sections of this chapter for 
receiving apples, 6-high stacks of boxes are positioned and released, as 
unit loads, at the storage position. However, much of the fruit that 
goes into storage is stacked or high-piled on these original 6-high stacks. 
High-piling is therefore the piling or stacking of boxes on top of the 
6-high stacks brought to storage position by hand truckers. High-piling 
is done by several different methods and under various conditions. In the 
conventional type, multistory plants, boxes usually are stacked 9, 10, or 
12 high. A few plants have ceiling heights which either limit or permit 
stacks 8, 11, 13, and even as high as 15 boxes. 


High-piling operations may be performed concurrently with or following 
the completion of the receiving cycle of operations. At what time the 
operation is performed depends on plant practices, available labor, har- 
vest period, and other factors. Usually, high-piling is done during the 
unloading of each truck, immediately following the unloading of each 
truck, or during the late evening when no more fruit is being received. 


High-piling operations begin after the 6-high stacks are in place in 
a specified floor area. Boxes are high-piled manually by different 
methods and crew arrangements, but usually two workers perform the opera- 
tion. In some plants, four men are employed to work in a single high- 
piling crew of two teams. In each 2-man crew the worker on the floor 
lifts or hands the boxes to a worker on top of the stacks who places 
them in position, completing the high-pile. 


When fruit is not stacked higher than 10 boxes, some high-piling 
methods make use of a bench. One worker standing on the bench stacks 
boxes handed up to him by the worker on the floor. When high-piles are 
not more than 9 boxes high, one tall man working alone may be used to 
lift and stack the boxes from the floor. In all manual methods, each 
box of fruit is handled individually. 
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During the course of the research, the research workers developed a 
mechanical high-piler and tested it under actual operating conditions. 
Although several types of equipment for high-piling have been tested 
previously under operating conditions, they either failed to achieve the 
desired production or required too much valuable cold storage space to 
make their use economical. The new mechanical lift will be described in 
connection with mechanical high-piling. 


Manual high-piling is burdensome work. Boxes are lifted one at a 
time, frequently above the worker's head and shoulders, which makes it 
difficult for workers to handle the fruit gently, especially after they 
have tired. Moreover, the workers on top of the stacks must balance 
themselves on the edges of the boxes which requires additional effort and 
makes occasional slips unavoidable. As a consequence, workers are reluc- 
tant to accept high-piling work if other jobs are available. 


Not only is high-piling heavy work, but percentagewise it accounts for 
a relatively large part of plant handling costs. When field boxes of 
apples are received at storage houses by use of belt conveyors and hand 
trucks and are stacked 12 high, 38.5 percent of the total labor required 
for receiving is used for manually high-piling the upper 6 boxes in the 
stack (table 33). When stacked 10 boxes high, 31 percent of the total 
labor required for receiving is used for stacking the upper 4 boxes. 


Several factors affect the amount of labor required to high-pile 
boxes. Among these factors are the height of the ceilings in the cold 
storage room and the amount of space taken in some storage rooms for 
refrigerator coils or air ducts. In some storage plants, high-piling 


Table 33.--Comparative labor requirements for receiving and stacking to 2 specified heights 288 field boxes of 
apples (1 road truckload) at storage houses by use of powered belt conveyor and clamp-type 2-wheel 
hand trucks 1/ 


: 3 Labor required for receiving 
Operation :Workers: when boxes are stacked in storage 


Placing boxes on belt conveyor (unloading) 1 0.41 21.5 0.41 19.2 
Removing boxes from belt and building 6-high : 
stacks See as 259 20.5 039 18.3 
Transporting from belt to storage position B 3 
and positioning 6-high stacks 3/ Oe es ee o51 27.0 : 51 24.0 
High-piling 4/ pa ee 259 31.0 : 282 38.5 
Total 5 


1.90 100.0 2 24s 100.0 


1/ Receiving is the following cycle of operations: (1) Unloading field boxes of apples from the road truck, 
Nz) Wrenaporting the boxes from the road truck to the storage point, and (3) stacking the boxes at the storage 
point. 

2/ The man-hours of labor shown are the productive time required in performing the operation plus allowances 
for fatigue and crew interference. Idle and nonproductive time between truckloads received, changing job assign- 
ments, and other delays are not included. Therefore, costs computed on the basis of the man-hours of labor show 
should be used for comparative purposes only since they may be somewhat lower than costs computed by usual methods 
in the warehouse. 

3/ Boxes are transported in 6-high stacks from the end of the belt conveyor inside the plant to the storage 
point with clamp-type 2-wheel hand trucks, where they are released and positioned as a unit. Transportation dis- 
tance standardized at 50 feet. 

4/ Boxes are manually lifted and stacked above the original G-high stack. Of the 288-box load, 115 boxes 
are high-piled when boxes are stacked 10 high. In 12-high stacks 144 boxes are high-piled. 
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conditions are affected by the decision of management to high-pile during 
the receiving operations, or after hours using overtime crews. High-piling 
efter hours is possible by placing the boxes to be high-piled in temporary 
storage until the end of the day. 


Because of the many variable conditions under which high-piling 
operations are performed, a number of factors affecting efficiency will be 
eliminated or held constant. High-piles of 9, 10, and 12 boxes high are 
used for comparative purposes. Variables and circumstances affecting 
these heights will be noted. 


Manual High-Piling 


2-man crew.--Manual high-piling is performed by one worker on the 
floor who lifts and hands boxes of fruit to another worker on top of the 
stack who places them on the high-piled stacks. When the stack is not 
more than 9 or 10 boxes high, the worker who completes the stacks may stand 
on a bench. When the stacks are higher than 10 boxes, a high-piler stands 
on top of the boxes, usually on pieces of plywood to give firmer footing. 
At other times, he balances himself on the edge of the boxes (fig. 34). 


Figure 34.--The hand trucker wheels stacks to the 2-man crew who high- 
pile the boxes. 
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Total labor required to high-pile 9 boxes high is 4.92 man-hours per 
1,000 boxes stacked above the original 6-high stack (table 34). Nearly 
17 percent of the labor required for high-piling 9 high was an allowance 
for fatigue. This fatigue is less than when high-piling to 10, ll, or 
12 boxes high. 


High-piling in 10-high stacks required an additional 0.20 of a man- 
hour of labor per 1,000 boxes all of which is accounted for by a larger 
fatigue allowance. Twelve-high stacks required 0.74 of a man-hour of 
labor more than 9 high. Thus, it is relatively less efficient to high-pile 
to the higher heights. 


Table 34.--Comparative labor requirements for a 2-man crew to manually 
high-pile 1,000 unpacked boxes of apples to specified heights a) 


Productive : Fatigue : Total 

Height of stack labor ; allowance : labor 
Man-hours Man-hours Man-hours 

9 boxes high 2/ : 4.10 0.82 4.92 

10 boxes high 3/ : 4,10 1.02 5.12 

12 boxes high 4/ : 45k 1712 5 66 


iy Labor requirements shown do not include unloading, transporting, 
and releasing the boxes of fruit high-piled nor the 6-high stacks on 
which they are high-piled. 

2/ Three boxes in each 9-high stack are high-piled. 

3/ Four boxes in each 10-high stack are high-piled. 

q/ Six boxes in each 12-high stack are high-piled. 


The labor required for high-piling boxes of apples may be stated in 
two different ways: (1) In terms of the number of boxes high-piled, or 
(2) in terms of the total boxes received. When boxes are high-piled 
9 high, only 33.3 percent of the total fruit received is high-piled. 
Similarly, when boxes are high-piled 10 high, 4O percent of the total 
boxes received are high-piled. Plant operators usually are more interested 
in knowing how much labor will be needed to high-pile the number of boxes 
that must be high-piled as the fruit is received. The total labor re- 
quired to high-pile 1,000 boxes adjusted in proportion to the percentages 
of the boxes high-piled is shown in table 35. 
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Table 35.--Comparative labor and elapsed time required for a 2-man crew 
to manually high-pile a total of 1,000 unpacked boxes of apples to 
specified heights and to high-pile the required proportion of each 

1,000 boxes received to these heights 


: Labor required : Labor required ;: Elapsed time 
Height of stack : per 1,000 boxes : per 1,000 boxes : per 1,000 boxes 


high-piled : received 4 received 
. Man-hours Man-hours : Hours 
9 boxes high : 4.92 1/ 1.64 - 0.82 
10 boxes high : Dele 2/2 as : 1.02 
12 boxes high : 5.66 Bice : 1.41 


1/ Labor required for high-piling 333 boxes. 
2/ Labor required for high-piling 400 boxes. 
3/ Labor required for high-piling 500 boxes. 


Another important factor in high-piling is the elapsed time. This 
rate is necessary in scheduling work loads and in arriving at decisions as 
to whether the high-piling should be performed during receiving operations 
or whether to move the fruit to be high-piled into temporary storage for 
high-piling after hours. 


The determination by plant operators of the height to which boxes are 
to be stacked is not based exclusively on the labor or the elapsed time 
required by each of the various heights. Rather, the ceiling height of 
the storage rooms is likely to be the determinant of how high the boxes 
are to be stacked. Usually, fruit is stacked as high as the ceiling height 
permits. However, during years when total production is relatively small, 
fruit may be high-piled to less than ceiling heights. 


4-man crew.--The time studies 
show that a 4-man crew is as effi- 
cient asa 2-man crew. In practice a 
4-man high-piling crew works as two 
teams of two workers each (fig. 35). 
Use of the 4-man crew cuts in half 
the elapsed time to high-pile 1,000 
boxes but does not increase labor 
requirements. The larger crew has 
a definite advantage in warehousing 
operations when receiving must be 

carried on with dispatch. 


Comparative labor costs for 
various stacking heights.--The labor 
cost per 1,000 boxes of fruit re- 
ceived for manual high-piling ranged 


Figure 35.--Manual high-piling with a 4-man 
crew. 
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from $1.88 when stacked 9 boxes high to $3.25 when stacked to 12 high. 
Table 36 shows the costs for three specified stacking heights computed on 
the basis of both current and assumed wage rates. 


Table 36.--Comparative elapsed times and labor costs for manually high- 
piling, by use of a 2-man crew, the volumes high-piled from each 
1,000 boxes of apples received when stacked to specified heights 


: : Total cost 
Height of stack ; Elapsed , Total : Current : Assumed 
time : labor : wages 3 4 6wages 
: Hours : Man-hours : Dollars Dollars 
9 boxes high (333 boxes : : : 
high-piled) : 0.82 : 1.64 : 1.88 2.30 
10 boxes high (400 boxes : : : 
high-piled) : T.02 “e' 2205 > 2.36 Pane, 
12 boxes high (500 boxes : : : 
high-piled) : Leak 8-3. 74.2283 5 3.25 3.96 


Mechanical High-Piling 


Mechanical high-piling is done with a portable lift. The lift 
consists of a simple, light-weight superstructure mounted on casters to 
provide mobility. Its width is such that the lift operates within the 
space occupied by one row of boxes. The lifting mechanism consists in 
part of clamps, one on either side of the machine, which grip or squeeze 
the ends of the boxes to be lifted in a manner comparable to the clamp- 
type industrial truck. The thickness of the clamps and the outrigger is 
no greater than the amount of space normally left between rows of boxes 
for air circulation. The lift mechanism operates hydraulically from a 
small electric motor which in turn operates from a storage battery. 
(Although an automobile storage battery operated the lift during test 
runs, @ larger capacity, industrial-size battery may be preferable.) 


The prototype of this machine, used in earlier tests, is capable of 
lifting two 6-high stacks of boxes simultaneously, or a total of 12 boxes 
of fruit. Following the earlier tests, a single-stack lift was placed on 
the market. A later model was tested. It is powered by an electric motor 
connected to the house line. 


2-stack lift.--In using the mechanical lift, four 6-high stacks of 

~ boxes are first placed side by side in the same row by use of 2-wheel 

hand trucks. These stacks are handled as units as in the methods previous- 
ly described. The lift is then pushed into position, straddling two of the 
stacks, the operator motivates the clamping arms, and lifts the load 

(fig. 36). The stacks to be high-piled either can be pushed forward on the 
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lift while they are being elevated or after they have been lifted enough 
to clear the top of the two base stacks (fig. 37). After moving the lift 


Figure 36.--Operator activating clamping Figure 37.--With the stacks elevated, the 
arms to grasp the load. After clamping operator pushes the loaded lift forward 


the stacks, the boxes are lifted to 


to move the load over the lower stacks. 
stacking height. 


forward, with its load over the stacks on which they are to be released, 
the operator motivates a valve releasing the load (figs. 38 and 39). One 
worker operates the lift. While the mechanical lift is high-piling boxes 
in one row, hand truckers place four 6-high stacks of boxes in an adjacent 
row to which the lift is moved to repeat the cycle. This is a balanced 
operation and crew interference is minimized. 


When boxes are stacked 9 high, the original 6-high stacks must be 
broken into 3-high stacks for high-piling. When stacked 10 high the 
original stacks are built 5 high rather than 6 high. 


The elapsed times and labor requirements for high-piling 1,000 boxes 
of fruit to various heights are shown in table 37. 
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Figure 38.--A worker pushes the load for- Figure 39.--After the top stacks are 


ward until the top stacks are over the lowered the worker withdraws the machine 
lower stacks. The worker then operates from the stacks and the clamping arms 
the hydraulic lever which lowers the are lowered for another pick up. 


top stacks into position. 


Table 37.--Comparative labor and elapsed time required to high-pile 1,000 unpacked boxes of apples 
to specified heights and to high-pile the required proportion of each 1,000 boxes received to 
these heights by use of a 2-stack portable mechanical lift 1/ 


Labor required 


: : Labor required : Elapsed time 
Height of stack : per 1,000 boxes G per 1,000 boxes : per 1,000 boxes 
3 high-piled 3 received , H received 
i Man-hours Man-hours : Hours 
9 boxes high : 3.21 2/ 2.07 : 1.07 
10 boxes high : 2.44 cy .98 : .98 
12 boxes high : nen fs 4/ .89 ; .89 


1/ A fatigue allowance of 10 percent is included. 
2/ Labor required for high-piling 333 boxes. 
ey Labor required for high-piling 400 boxes. 


Labor required for high-piling 500 boxes. 
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Single-stack lift.--Two views of a single-stack lift, which is now 
manufactured commercially, are shown in figures 40 and 41. 


Figure 40.--A single-stack high-piler Figure 41.--A stack being released in 
lifting a stack of 6 boxes. storage position. 


Table 38.--Comparative labor and elapsed time required to high-pile 1,000 unpacked boxes of apples 
to specified heights and to high-pile the required proportion of each 1,000 boxes received to 
these heights by use of a single-stack portable mechanical lift 1/ 

Labor required 


Labor required Elapsed time 


Height of stack : per 1,000 boxes 3 per 1,000 boxes 3 per 1,000 boxes 
7 high-piled : received : received 
: Man-hours Man-hours : Hours 
9 boxes high : 3.72 2/ 1.2 : 1.24 
10 boxes high : 2.57 2) 1.03 : 1.03 
12 boxes high : 1.89 h/ 9h 5 9h 


. 


1/ * fatigue allowance of 10 percent is included. 
2/ Labor required for high-piling 333 boxes. 
ey Labor required for high-piling 400 boxes. 
h/ Labor required for high-piling 500 boxes. 
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Labor requirements for high-piling 1,000 boxes of fruit by use of a 
single-stack lift are greater than with a 2-stack lift, or 3.72 man-hours 
per 1,000 boxes when stacked 9 high compared with 3.21 using a 2-stack 
machine. The elapsed time also was slightly greater than with the 2-stack 
lift. The performance of a single-stack lift is shown in table 38. 


Comparison of 2-stack and single-stack lifts.--The comparative efficiency, 


based on labor and equipment costs, of the 2-stack and single-stack lifts is 
shown in table 39. 


Table 39.--Comparative labor and equipment costs for high-piling by use of specified types of mechanical lifts, 
the volumes high-piled from each 1,000 boxes of apples received when stacied to specified heights 


: Labor ac er ; Labor and equipment costs 
: 2 re e 5 
a f : Elapsed ~ = - 
Height of stack and type of equipment "time? Equipment = fotal : Tabor * f) cos 
: : : :Equipment: :Current:Assumed 
pes $ labor . : y/ 3: Wages ; wages 


: Hours : Wachine-hours ; Man-hours: Dollars “Dollars Dollars Dollars 
9 boxes high (333 boxes high-piled): : ; : ; 


2-stack lift se a077 1.07 > 1.07 : 065 1.23 1.86 228 

Single-stack lift : 1.24 : 1.24 : 1.24 ; 73 1.43 2.16 2.47 
10 boxes high (400 boxes high-piled) : : : : : 

2-stack lift eo 468 4 .98 >: -<08 i 456) Usas ds7k- Ags 

Single-stack lift : 1:08. 4 1,08 é 3082-5 6k 3B 1279 os 


12 boxes high (500 boxes high-piled): : : : : 
2-stack lift : 289 : 89 : 89 : 053 1.02 165 1.78 
Single-stack lift : 294 : 94 H 94 : 255 1.08 1.63 1.87 


1/ Computed from "current" wage rates. 


Comparison of Manual and Mechanical High-Piling 


As shown in table 40, manual high-piling to a height of 9 boxes is 
just as efficient as mechanically high-piling by use of the 2-stack lift 
and is more efficient than the single-stack lift. However, mechanical 
high-piling can be accomplished by use of a smaller crew, one worker, and 
the fruit is handled more gently. It would therefore appear to be 
advantageous to a firm to use the machine when going to this height. 


When stacking 10 or 12 boxes high, the 2-stack mechanical high-piler 
shows a definite saving over the manual method, amounting to $0.65 per 
1,000 boxes received when stacking boxes to 10 high, and $1.70 per 1,000 
boxes when stacking 12 high. Even though this saving is obvious, the 
decision as to whether high-piling should be done manually or mechanically 
may depend upon other factors such as the layout of the plant, the inter- 
ference of ducts and posts and other factors which may prohibit the 
mechanical high-piler from being used to full capacity. Moreover, the 
mechanical high-piler would have to be used enough each season to defray 
its ownership and operating costs. alg 


Wa Operating 300 hours a year these costs are estimated to be $177.45. 


- Bh - 


Table 40.--Comparative costs for high-piling, by use of specified methods, 
the volumes high-piled from each 1,000 boxes of apples received when 
stacked to specified heights 1/ 


: Total labor and equipment costs 
based on current wage rates 


Methods 2 when stacked: 
9 boxes : 10 boxes: 12 boxes 
: high : high; ~3-—) nign 


: Dollars Dollars Dollars 


High-piling boxes manually by use of 


2-man crew : 1.88 2.36 3.25 
High-piling boxes mechanically by use : 
of 2-stack lift and 1 operator : 1.86 1.71 1.55 
High-piling boxes mechanically by use : 
of single-stack lift and 1 operator : 216 179 1.63 


a9 Costs shown include labor costs, and for mechanical high-piling 
equipment costs. 


Effect of Manual High-Piling on Wait Time 
in Other Operations in Receiving Cycle 


One of the crew arrangements used for unloading and moving apples to 
storage by use of belt conveyors and 2-wheel hand trucks is to station 
two workers on the road truck to place fruit on the belt conveyor, two 
workers to off-load the conveyor, two hand truckers to transport stacks 
to storage position, and two men to high-pile (fig. 42). High-piling is 
done simultaneously with unloading and storage operations. Thus a delay 
in one operation in the cycle may be transmitted to and cause a correspond- 
ing delay in each of the other operations. 


By use of this method the 2-man high-piling crew could not manually 
stack boxes of fruit at the rate they were brought to the storage posi- 
tion. Therefore, the hand truckers found it necessary to delay their 
operations occasionally to wait for the high-pilers to catch up. This 
wait in turn delayed the workers removing boxes from and placing boxes 
on the belt conveyor. These delays totaled 4.10 man-hours per 1,000 
boxes received or 34 percent of the total labor required (table 41). 


To minimize wait time and obtain a better balanced operation the 
question arises as to whether or not adding high-pilers would permit a 
better balanced operation. However, high-pilers work in teams of two, 
so an increase would require the addition of two workers, making a 
total of 10 in the crew. With this larger receiving crew, the amount of 
wait time by the hand truckers is reduced to a nominal amount and the 
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(A) BOXES OF APPLES BEING 
UNLOADED FROM A ROAD 
TRUCK TOA BELT CONVEYOR. 


(B) BOXES BEING STACKED 
6-HIGH FROM A BELT CON- 


AY. VEYOR FOR HAND TRUCKING. 
H fn ___saie 


(C) STACKS BEING HAND TRUCKED 
TO THE STORAGE POSITION 
WHERE PART OF THE BOXES 

ARE BEING HIGH-PILED. 


Figure 42.--8-man crew receiving boxes of apples from road truck by use of belt 
conveyors and 2-wheel hand trucks. High-piling is a manual operation. 
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Table 41.--Labor required for an 8-man crew to unload and move 1,000 unpacked boxes of apples into 
storage from a road truck by use of a belt conveyor and clamp-type 2-wheel hand 
trucks and manually high-pile boxes 12 high as fruit is being received 


a :Productive : Fatigue: Wait : Total 
Operation Workers. “ishor _:allowance: time - = labor 
:Number : Man-hours Man-hours Man-hours Man-hours 


Set up and clean up 1/3 


: “O.26 0.0 0.52 0.68 
Place boxes on belt conveyor (conveyor moves : : 
boxes 50 feet) : Qe? 1528 225 1.2 2.82 
Transfer boxes from belt conveyor to 6—-high 3 3 
stacks see) fee esr 226 1.25 2.82 
Pick up 6-high stacks by use of 2-wheel hand : 
trucks s ees 29 203 0 032 
Transport 6—high stacks 50 feet by use of : 3 
2-wheel hand trucks >: 2 : 97 -10 = 2&/_-.08 eas 
Release 6—high stacks from 2-wheel hand trucks : e 3s Ae}-) 04 96 1.35 
High-piling boxes 12 high (500 boxes) SLE 2a se 1227 256 0 2.83 
Total man-hours 2: = 3: 6.68 1.24 4.10 11.97 
Elapsed time--hours : : 3/ 1.50 


1/ Two of these workers do the setup work at the road truck while 6 workers spend most of 
their time waiting. 

2/ Waiting caused by crew interference. 

3/ This size crew can receive 17 road truckloads of 288 boxes each per S-hour day. 


Table 42.--Labor required for a 10=-man crew to unload and move 1,000 unpacked boxes of apples into 
storage by use of a belt conveyor and clamp-type 2-wheel hand truck and manually 
high=-pile boxes 12-high as fruit is being received 


3 :Productive: Fatigue ; Wait  : Total 
Cperatson prozkers : labor :allowance: time =: labor 
:Number : Man-hours Man-hours Man-hours Man-hours 

Set up and clean up 21/10 : 0.16 0.0 0.69 0.85 
Place boxes on belt conveyor (conveyor moves : BA 

boxes 50 feet) 2 ess) Vee 225 33 1.86 
Transfer boxes from belt conveyor to 6-high 7 : 

stacks : est eS) 2 26 229 1.86 
Pick up 6-high stacks by use of 2-wheel hand fs : 

truck s 3 2 : Pr!) 203 <0 soe 
Transport 6=high stacks 50 feet by use of : 3 

2-wheel hand trucks : 2s 97 10 2 -08 1.15 

Release 6-high stacks from 2-wheel hand trucks ; 23 035 04 20 39 

Hign=piling boxes 12 high (500 boxes) : 4 : 2.27 °56 -89 5.72 

Total man-hours 3 - : 6.63 1.24 2.28 10.15 

Elapsed time—hours 3 : 3/ 1.01 


1/ Two of the workers do the setup work at the road truck while 8 workers spend most of 
their time waiting. 

2/ Waiting caused by crew interference. 

3/ This size crew can receive 25 road truckloads of 288 boxes each per S-hour day. 


delay time of high-pilers is increased to about 1 man-hour per 1,000 
boxes received. Delay time also is reduced for workers placing fruit on 
the belt and removing it from the belt by nearly 2 man-hours. This 
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reduction is partly off-set by delays of the high-pilers so that the 

total labor required to move 1,000 boxes into storage is 10.15 man-hours, 
a reduction of 15 percent from the labor used by an 8-man crew (table 42). 
This saving results entirely from the elimination of nearly 2 man-hours of 
wait time. The elapsed time required to unload also has been reduced to 
1.01 hours per 1,000 boxes. 


Comparative Labor Requirements, and Labor and Equipment Costs, 
of Various Methods of Unloading and Moving to Storage When 
Boxes Are High-Piled as Received by Use of Manual 

and Mechanical Methods 


In previous discussions of various types and combinations of types of 
materials-handling equipment for receiving apples, the labor requirements 
and cost data have not included stacking boxes above the 6-high stacks 
released as unit loads in storage position. Table 43 shows, for selected 
methods that previously have been discussed, labor and elapsed time re- 
quired for receiving unpacked boxes of fruit when manual high-piling is 
included. High-piling operations shown are for 12-high stacks. Transpor- 
tation distances are standardized at 100 feet except for two elevator 
methods. 


When the fruit is not being high-piled, the least labor, 2.63 man-hours 
per 1,000 boxes, is required with the floor chain conveyor and 2-wheel 
hand truck operated by 1 worker. This still requires the least labor for 
receiving, or 5.55 man-hours per 1,000 boxes, when a 2-man crew is added 
for manual high-piling. Without high-piling the combination of a single 
elevator and 2-wheel hand trucks, operated by a 7-man crew, moving boxes 
through temporary banks of supply requires the largest labor inputs, or 
8.68 man-hours per 1,000 boxes. In high-piling, the labor requirement is 
greatest, 12.20 man-hours per 1,000 boxes, when using two elevators and 
temporary banks. 


The elapsed time required to receive 1,000 boxes for each of these 
methods with and without the high-piling, is the same in nearly all cases. 
This is because the rate of receiving tends to be set by the pace at which 
the fruit is placed on the conveyors or is hand trucked, so that the 
capacity to handle the boxes by other parts of the receiving crew does not 
regulate the number of boxes moved into storage. In all cases, the wait 
time by various crew members increases when high-piling is added to the 
receiving operation. In some cases, the increases are rather large. 


The addition of manual high-piling to receiving operations usually 
increases the amount of wait time and alters the relative efficiency of 
different methods and types of equipment. Mechanical high-piling, by use 
of the portable mechanical lift, can be used as a substitute for manual 
high-piling in nearly all methods. Because the mechanical high-piling 
is performed by one worker using one machine and proceeds at a different 
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rate from the manual high-piling operation, the desirability of different 
crew sizes and arrangements for receiving is altered. 


For most of the methods shown in table 43, the additional wait time, 
when high-piling is performed concurrently with other receiving operations, 
is reduced by use of the mechanical high-piling method. Table 44 shows 
elapsed times and labor requirements for these methods when fruit is 
mechanically high-piled in 12-box-high stacks. The total labor required 
to receive 1,000 boxes of apples when mechanically high-piled is in every 
case less than with the manual methods of high-piling. These savings 
range from 1.48 to 3.36 man-hours per 1,000 boxes. 


As shown in table 45, the use of the mechanical high-piler in receiving 
reduces costs in all cases below costs for manual high-piling in 12-box- 
high stacks. This savings in cost, however, does not represent the full 
saving that should be realized by use of mechanical stacking. A larger 
saving should be possible through eliminating the idle and unproductive 
time of three workers in a 4-man high-piling crew. This fact again calls 
attention to the mechanical high-piler's ability to reduce the labor force 
required during the critical harvest period. 


Obviously, equipment costs are increased when a mechanical high-piler 
is used rather than manual high-piling. When fruit is received by hand 
trucks, equipment costs account for only a fraction of total costs. The 
addition of the mechanical high-piler greatly increases machine costs on a 
percentage basis. 


High-Piling Methods Used When Boxes Are Not 
Stacked as Received 


The necessity for balancing high-piling operations with other operations 
in the receiving cycle, when fruit is high-piled as it is received, pre- 
viously has been discussed. However, when operations are balanced, frequent 
delays occur because of the interdependence of these operations which makes 
it possible for one operation to set the pace for all others. One way of 
avoiding these delays is to high-pile separately from other receiving 
operations, by placing one-half of the boxes received (in a 12-high stacking 
operation) into temporary storage. After regular receiving hours, a special 
crew removes the fruit placed in temporary storage and high-piles it. 


However, additional work is involved in high-piling after the regular 
receiving operation. This work is caused by the necessity of moving the 
boxes by hand truck to the high-piling point. For the purpose of this 
analysis, the added transportation distance is assumed to be 30 feet. 


High-piling after receiving is frequently done by use of sections of 
gravity-type roller conveyors. These extensions are placed on top of the 
6-high stacks. The worker stationed on the floor places each box on one 
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Table 45.--Comparative labor and equipment costs for unloading from road trucks and moving to storage 1,000 unpacked boxes of apples, by 
use of specified methods and types of equipment, when fruit is not high-piled, and when required volume is high-piled by use of 
manual and mechancial methods in 12-box high stacks ae fruit 1s received 1/ 


t Labor cost :Total cost : Total cost 


Type of equipment and method ; Squipment , current : current ? assumed 
a St SAE gO raten twee raten St waco ateg oe 
Dollars Dollers Dollers Dollurs 


Clemp-type 2-wheel hand trucks: 
Two workers hand-truck 100 feet, and 


: 
t 
: 
3 
1 
No high-piling (table 5) : 0.07 3.38 3.45 4.19 
2 workers manuelly high-pile t -07 6.77 6.84 8.32 
1 worker and mechanical lift high-pile : -94 5.07 6.01 7-11 
Three workers hand-truck 100 feet, and t 
No high-piling (table 5) : +07 3.61 3.68 4.47 
4 workers manually high-pile H 207 8.43 8.50 10.33 
1 worker and mechanical lift high-pile t +70 4.82 5.52 6.57 
1 
Belt conveyors and clemp-type 2-wheel hand trucker t 
2 
One worker places boxes on conveyor, 1 worker transfers boxea from conveyor, t 
1 worker hand-trucks 50 feet, and t 
No high-piling (table 13) ' 1.74 6.69 8.43 9.89 
2 workers manually high pile : 1.74 11.16 12.90 15.32 
1 worker and mechanicel lift high-pile t 2.88 8.92 11.80 13.74 
One worker places boxes on conveyor, 1 worker transfers boxes from conveyor, t 
2 workers hand-truck 50 feet, and : 
No high-piling (table 13) t 1.39 6.99 8.38 es 
2 workers manually high-pile uf 15 10.86 12.31 14.67 
1 worker and mechanicel lift high-pile 3 2.29 8.74 11.03 12.93 
Two workere place boxes on conveyor, 2 workers transfer boxes from conveyor, : 
2 workers hand-truck 50 feet, and t 
No high-piling (table 13) 1 -92 6.97 7.89 9.42 
4 workers manually high-pile t 92 11.62 12.54 15.06 
1 worker and mechenicel lift high-pile t 1.53 8.13 9.66 11.43 
Hy 
Floor cha: } ors and t 2-wheel hend trucks: ’ 
One worker hand-trucks 20 feet to conveyor and 30 feet from conveyor to t 
storege, and , 
No high-piling (table 20) t 3.11 3.02 6.13 6.79 
2 workers manually high-pile th/ 3.23 6.38 9.61 11.00 
1 worker and mechanical lift high-pile ’ 3.89 4.54 B43 9.42 
Two workers hand-track 20 feet to conveyor and 2 workers hand-truck 30 feet Hy 
from conveyor to storage, and t 
No high-piling (table 20) ‘ 1.10 4.02 5.12 6.00 
4 workers manually high-pile : 1.10 Pad 9.15 10.90 
1 worker and mechanicel lift high-pile : 1.94 6. 7.98 9.29 
Hy 
Belt conveyor, stackmaker, floor chein conveyor, and clemp-type 2-whoel hand : 
trucks: Hy 
: 
One worker places boxes on belt conveyor, 1 worker hand-trucke 50 feet from $ 
floor chain conveyor to storage, and 1 
No high-piling (table 27) : 6.02 4.51 10.53 11,51 
2 workers manually high-pile t 6.02 9.02 15.04 17.00 
1 worker and mechanical lift high-pile H 7-18 6.76 13,94 15.41 
Two workere place boxes on belt conveyor, 2 workers hand-truck 50 feet from 3 
floor chain conveyor to storege, and 7 
No high-piling (table 27) : 3.46 5.15 8.61 9.73 
4 workers manually high-pile t 3.46 10.30 13.76 16.00 
1 worker and mechanical lift high-pile : 4.12 6.44 10.56 11.96 
H 
Elevetors and clamp-type 2-wheel hand trucks: 2/ : 
3 
Three workers hand-truck 30 feet into single elevator, ride elevator, and : 
hand-truck 70 feet to starege, and : 
No high-piling (table 32) Hy 5.15 5.41 10.56 11.73 
2 workers manually high-pile : 5.15 9.02 14.17 16.13 
1 worker and mechanical lift high-pile Hy 6.08 7.21 13.29 14.86 
Two workers hand-truck 30 feet to bank, 3 workers hand-truck 30 feet from t 
bank into single elevator and ride elevator then hand-truck 30 feet to bank, 3 
2 workers hand-truck 60 feet to storage, and 3/ H 
No high-piling (table 32) Hy 4,20 9.98 14.18 16.35 
2 workers manually high-pile 74/ 5.00 ASa72 18.71 21.69 
1 worker and mechanical lift high-pile t 4.92 11.41 16.33 18.81 
Two workers hand-truck 30 feet into one of two elevators, 1 worker operates Hy 
elevators, 3 workere hand-truck 70 feet from two elevators to storage, and 1 
No high-piling (table 32) : 6.87 6.04 12.91 14.22 
4 workers manually high-pile Hy 6.87 10.87 17.74 20.10 
1 worker and mechanical lift high-pile : 7-49 7-25 14.74 16.71 
Two workers hand-truck 30 feet to bank, 2 workers hand-truck 30 feet from ' 
bank into one of two elevators, 1 worker operates elevator, 2 workers Hy 
hand-truck 30 feet from elevators to bank, 3 workers hand-truck 60 feet t 
from bank to storage, and 3/ t 
No hKigh-piling (table 32) : 6.24 9.72 15.96 18.07 
4 workere manuelly high-pile t 6.24 14.03 20.27 23.32 
1 worker and mechanicel lift high-pile G 6.79 10.80 17.59 19.94 


1/ Cost deta for mechanical high-piling covers use of one 2-stack portable lift. Cost data for both menual and mechanical high-piling 


cover costs of unloading, transporting, and releasing 6-high stacks at storage position plus costs of high-piling 500 boxes. Except as other- 
wise noted, all traneportation dintances standerdized at 100 feet. 

2/ Verticel transportation distances are not included in elevator methods. 

FY Standardized transportation dietance of 100 feet increased to 150 feet because of method. 

4/ Equipment costs were increased because of edditionel elapsed time required when high-piling was performed es fruit was received. 
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end of the roller conveyor and gives it a push. The high-piler, who stands 
at the end of the row or at the point where the high-piling is being done, 
picks each box up from the roller conveyor and places it in the stack. 
Sometimes the fruit is placed in temporary storage so that high-piling can 
be done by handing boxes up alongside of the rows being high-piled, thus 
eliminating the use of roller conveyors. 18/ 


When high-piling is done after regular working hours, using a 3-man 
crew, the wait time in the high-piling operation is kept to a nominal 
0.03 man-hours per 1,000 boxes because the wait times that occur in other 
operations in the receiving cycle are not transmitted to high-piling opera- 
tions. Moreover, the elapsed time required to receive a truckload is not 
increased by this method of high-piling. As shown in table 46, to receive 
1,000 boxes by this method takes 10.31 man-hours using a 2-man high-piling 
crew and one hand trucker to supply the high-pilers. 


Table 46.--Labor required for crews of specified sizes to unload from road trucks and move 
1,000 boxes of apples into storage by use of a belt conveyor and clamp-type 2-wheel 
hand trucks, and to manually high-pile required volume of boxes 12-high after 
fruit has been received 


:Productive: Fatigue : Wait : Total 
pec lesson ‘Wor mere labor ;:allowance: time : labor 
= Number ; Man-hours Man-hours Man-hours Man-hours 


—_———— = _ 


Unloading and placing in temporary storage: : 
Set up and sisan up 2. 6a: 0516 0.0 0.32 0.48 


Place boxes on belt conveyor (conveyor moves 


boxes 50 feet) ete se ees 225 233 1.86 
Transfer boxes from belt conveyor to 6-high =: 3 
stacks e 2 : Joh 226 29 1.86 
Pick up 6-high stacks by use of 2wheel : H 
hand trucks er ee 029 203 20 - soe 
Transport 6-high stacks 50 feet by use of A 
2-wheel hand trucks 2 3: 297 «10 -08 1.15 
Release 6-high stacks from 2-wheel hand trucks: 23 eh) 204 Ale) 39 
Subtotal 2: = 3: 4.36 68 1.02 6.06 
High-piling after regular hours: 2 : 
Pick up 6-high stacks by use of 2-wheel hand : fs 
trucks ar: : 22g 203 Ae) 052 
Transport 6-high stacks 30 feet by use of : 7 
2-wheel hand trucks mee! Oe 62 206 Ae) -68 
Release 6-high stacks from 2-wheel hand trucks: 1 : 035 04 203 242 
Manually high-pile boxes 12-high (500 boxes) : 2 : 2.27 -56 Ae) 2.83 


Subtotal 7 =: —8 538 69 203 4.25 


Total man-hours ile bi 7189 1.37 1.05 10.31 


Elapsed time—hours 3 : 1/ abrene 


af This size crew can receive 25 road truckloads of 288 boxes each during an 8—-hour day. 


oo 08 ee 


18/ The time studies showed no significant difference in man-hours 
required to high-pile with the use of roller conveyor extensions. 
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A comparison of high-piling after receiving with high-piling during 
receiving shows that wait time is reduced 48 percent and total labor is 
increased by 8 percent. The elapsed time required to receive is less by 
0.56 hours per 1,000 boxes or 10 minutes per truckload. Reduction of 
elapsed time is very significant, especially during the peak season when 
the warehouse may have difficulty in receiving fruit as fast as it arrives. 
High-piling after hours should permit about eight additional truckloads to 
be received per day. 


The reduction in elapsed time also has the effect of reducing the 
length of time equipment is used during receiving. Consequently, equip- 
ment costs are reduced $0.52, but labor costs increase $1.00, with the 
result that total costs increase $0.48 net per 1,000 boxes received at 
current wage rates (table 47). 


Table 47.—-Comparative labor and equipment costs of unloading road trucks and moving 1,000 unpacked boxes of 
apples into storage by use of belt conveyor and clamp-type 2-wheel hand truck, and manually 
high-piling required volume 12 high during receiving and after receiving 


: : Labor and equipment required Labor and equipment costs 
Method ;Elapsed, : : : : : Total costs 

. time , Equipment { Wait {| Total ‘p t, Labor | = 

; ; Sins ; ‘ee : labor : Getpments 1/ sCarrent=Aveuped 


wages 


Belt conveyor and 2-wheel hand 
truck: 
Two men high-pile boxes 12 high 3 7 : 
while receiving 22.657 3 2/ 6.28 : 2-00 9.44 : 1.45 10.86 12.31 14.67 


Belt conveyor and 2-wheel hand 
truck: 
Two men high-pile boxes 12 high : : : 
after receiving : 1.01 : 3/ 4.04 : 2.05 10.31 : 093 11.86 12.79 15.36 


1/ Computed from "current" wage rates. 

2/ Clamp-type 2-wheel hand truck 3.14 machine-hours, 100-foot belt conveyor 1.57 machine-hours, 15-foot 
grevity roller conveyor 1.57 machine-hours, total 6.28 machine-hours. 

3/ Clamp-type 2-wheel hand truck 2.02 machine-hours, 100-foot belt conveyor 1.01 machine-hours, 15-foot 
gravity roller conveyor 1.01 machine-hours, total 4.04 machine-hours. 


Another factor that should be considered is the necessity for paying 
"overtime" wages for after-hours work. If a crew is used overtime, the 
cost would be higher in proportion to the rates of pay. Furthermore, 
men working long hours during the day might not work at usual efficiency 
on an overtime basis. These two factors could easily offset other 
advantages of high-piling after hours. 


An improved practice might involve the adoption of a combination of 
the two methods of high-piling, or to high-pile when the fruit is re- 
ceived if the work schedule permits, and during the time of the day when 
trucks are arriving frequently, part of the fruit would be set aside to 
be high-piled when intervals between truckloads permitted later in the 
day. After-hour high-piling would be performed when the crews were 
unable to do all the high-piling during the fill-in hours. 


- 9k - 
Industrial Fork-Lift Trucks and Pallets 


Toward the end of World War II, labor shortages had become so acute 
that many Washington State apple houses were seeking means for reducing 
the need for manual labor. At that time, one plant constructed an addi- 
tion to its facilities in which handling operations were performed with 
fork-lift trucks and pallets. Two years later, two or three additional 
plants were using fork-lift trucks. However, shifting to mechanized 
equipment involved many problems of plant remodeling. Consequently, the 
industrial-lift truck has not completely solved the industry's problems 
of handling apples except where new storages were built or additions were 
made to old storages. 


Industrial fork-lift trucks used in Washington State apple houses 
usually are of 2,000-, 3,000-, and 4,000-pound capacity. Both gasoline- 
powered (fig. 43) and electric-powered (fig. 44) lift trucks currently are 


Figure 43.--A gasoline fork truck carrying a pallet load of boxes to 
storage. Driver beginning lift for second or third release ina stack. 


in use and both are used to do essentially the same work. However, 

wise selection of equipment involves several considerations. Some 

of these are money available for capital outlay, interior or exterior 
operation, plant layout and operating conditions, tasks to be performed, 
and volume of work. Although it may be possible that both types of 
machines might work equally well in an individual plant, there usually 
are one or more controlling factors. 
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The gasoline- powered truck 
requires less capital outlay than © 
the electric- powered truck but the 
latter type is more economical to 
operate and has approximately twice 
the life of the former. In the cost 
estimates shown in table 2, the 
gasoline-powered trucks are depreciated 
over a period of 10 years, whereas the 
electric trucks are depreciated on a 
20-year basis. Electric trucks should 
be operated a minimum of 200 days a 
year for optimum efficiency. 


In apple-storage houses, electric 
trucks are more desirable for interior 
operations because gasoline- powered 
trucks, operating inside a plant for 
any appreciable time, may throw off 
dangerous fumes. There also is the 
unexplored effect these fumes might 
have on the fruit. However, a new 
inhibitor that is claimed to render 
exhaust gas harmless, odorless, and 
colorless to workers may make the 
gasoline truck suitable for interior 
use. Kither gasoline or electric 
Figure 44.--Electric fork truck releasing trucks are suitable for exterior 

a pallet load in a cold storage room.. operations. Long grades and rough 
surfaces favor the gasoline truck. 

It usually has faster lifting and 
lowering speed, and in general operation gasoline-powered trucks usually 
are faster than electric trucks. Gasoline trucks also exert the same 
power at the end of 8 hours of work that they do at the beginning. 


Electric lift trucks excel in short distance hauls where there are 
many starts and stops. They are used to best advantage on small grades 
or inclines. The fact that the electric truck has relatively few moving 
parts and no gears or clutch makes it desirable for use under these 
conditions. Electric trucks do not have nearly as much "down time" for 
repairs and maintenance. 


The workloads in individual plants are closely related to ownership 
costs. A plant that buys a single lift truck for handling a small volume 
usually cannot afford to buy an electric truck and charger if a gasoline 
truck could do the same work. However, if several machines are to be 
purchased, the unit cost of electric trucks and charging apparatus would 
tend to decrease. 
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Many of the first pallets used in apple houses were war surplus 
property. Their sizes varied from 40- by 36-inch to 48- by 64-inch 
pallets. As pallet sizes, and the consequent weight of pallet loads, vary, 
so must the capacities of fork-lift 
trucks used for handling loaded 
pallets. 


The trend has been to standardize 
on a 4O- by 36-inch pallet (36-box 
load) and a 40- by 48-inch pallet 
(48-box load). 19/ Figures 45 and 46 
show respectively the arrangement of 
apple boxes on the two different 
pallets. Studies of pallet handling 
show that labor and equipment require- 
ments per 1,000 boxes on 48-box pallets 
and on 36-box pallets had a relation- 
ship of 4 to 3. 


Stability of pallet loads has 
been an important factor in the selec- 
tion of pallet sizes by individual 
plants. Unpacked boxes of apples are 
stacked 6-high on pallets. In the 
48-box pallet load, the two middle 
rows of boxes stabilize the load, 
while in a 36-box load there is only 
one row of boxes in the center to 
give the load stability. Another 
factor in determining the pallet 
size for each plant is the structural 
strength of the floors. Handling a 
36-box pallet load requires a fork- 
lift truck of at least l-ton capacity. 
This capacity truck ranges in service 
weight from 3,200 to 5,100 pounds, 
depending on the make and model. A 
Figure 45.--36-box pallet load. 1-s-ton to 2-ton capacity truck which 
weighs approximately 6,000 pounds is 


19/ When the fruit is packed the load is reduced usually from 36 and 
48 to 30 and 40 boxes. Apples received loose in boxes from the orchard 
weigh approximately 35 pounds per box. After they are packed the weight 
per box is increased to a gross of approximately 50 pounds. Thus, the 
total weight of the packed-box load with fewer boxes is approximately 
equal to the loose-box unit load. 
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required for handling 48-box pallet 
loads. Consequently, plants that 
have converted from belt conveyors 
and hand trucks to pallets and indus- 
trial fork-lift trucks usually pre- 
fer the smaller unit load and 
lighter lift truck, because of the 
structural strength of the floors. 
The smaller lift truck also has 
greater maneuverability which is an 
important factor in utilizing maxi- 
mum storage capacity in the cold 
storage rooms. Use of smaller lift 
trucks permits savings in aisle 
space, space around posts, and space 
adjacent to air ducts. 


An important consideration in 
handling pallet loads is the differ- 
ent sides that a fork-lift truck can 
approach when the pallet is being 
picked up. Pallets are classified 
as 2-way and 4-way pallets, depend- 
ing on whether the forks of the lift 
truck can enter from two sides or 
from all four sides of the pallet. 
Two-way pallets are more generally 
used in apple houses. When this type 
pallet is received on a road truck, 
the pallets must be placed across 
the bed of the truck so the fork-lift 
truck can remove the pallets from the side of the road truck (fig. 47). 


Figure 46.--48-box pallet load. 


When the 2-way pallet is used, each row of pallet loads across the 
bed of the truck must be tied with rope to the bed of the motortruck to 


TWO-WAY PALLET FOUR-WAY PALLET 


Figure 47.--The position of loaded pallets on a road truck. 
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prevent boxes from tipping off the pallets during their trip to the 
plant. These ropes are in addition to the two cables running the length 
of the truck bed. 


Four-way pallets usually are of the 48-box size. When palletized 
loads are placed on road trucks, the pallets are placed lengthwise on the 
truck bed. Because the load is picked up from the side a “hold bar" is 
required during unloading operations to keep the stacked boxes from 
tipping off the 4-way pallet. 20/ ; 


Two cables running the length of the load hold the pallet loads in 
place during the trip from the orchard to the cold storage area. 


Fruit is received at the plant by use of fork-lift trucks either 
palletized or unpalletized. When received, unpalletized boxes are placed 
on pallets after they arrive at the warehouse. When the palletized boxes 
of fruit arrive on road trucks, the fork-lift truck always removes the 
fruit from the sides of the truck, usually from the alternate sides. 

When unpalletized boxes are received on road trucks, which is rare, the 
fruit is placed on the pallets either on a receiving dock, or on the 
elevated forks of the lift truck while the first pallet load is being 
built, then on the road truck bed. When fruit is brought in on orchard 
trailers, loads either are unpalletized or only partially palletized, 
since trailers ordinarily carry fruit only three boxes high. The unit 
load, therefore, must be completed at the warehouse. When no part of 
the load is palletized, pallets are placed on the apron near the trailer 
and the boxes stacked one at a time onto the pallets. 


At some plants when fruit is received on pallets the unit loads are 
lathed or tied. Laths are nailed the length of the unit load to prevent 
boxes from tipping off while handling the fruit (fig. 48). Other plants 
tie the load with heavy cord. When the unit loads are removed from the 
side of the road truck with the stacks across the forks, hold bars are 
placed on top of the boxes before the unit load is removed to the apron. 
There are a number of plants that neither lath nor tie the loads and 
reportedly handle pallet loads without difficulty. However, the boxes 
usually are newer and of more uniform construction. 


For the purpose of analyzing methods of receiving apples by use of 
fork-lift trucks, total transportation distance is standardized at 100 feet, 
48-box loads are the standard loads carried, and electric-powered equipment 


20/ A hold bar is a piece of iron pipe the length of a pallet load 
which has a metal plate the shape of a triangle or square welded to each 
end. The plates project over the sides of a pallet load and prevent the 
stacks from spreading. 
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is used. Analysis of labor and equipment requirements shows that there is 
little difference in the handling of the 36- or 48-box load other than 
those proportionately due to the size of the load. (See Appendix.) In 
addition, little variation in transportation time was found, there being 
only one instance in which a truck was found operating at a speed differ- 
ent than the standard. (In this instance, a gasoline truck was operating 
without a governor.) 


It is assumed that fruit is tiered three pallet loads, or 18 boxes, 
high (fig. 49). The average times for tiering the three loads are con- 
solidated in the tables. A breakdown of tiering times is shown in the 
Appendix. 


When orchard trailers are used to haul fruit to a fork-lift truck 
pallet plant, boxes usually are not stacked on pallets until they arrive 
at the warehouse. In contrast when fruit is hauled on road trucks, it is 
placed on pallets at the orchard. When fork-lift truck and pallet handling 
was first introduced into apple houses, road trucks frequently hauled 


Figure 49.--Placing the third tier on a 
stack in a pallet storage room. 


Figure 48.--A lathed pallet load of boxes. 
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unpalletized boxes of fruit to the warehouse. Although this practice is 
seldom followed now, a grower who brings his fruit to a fork-lift truck 
plant for the first time may bring in unpalletized loads. 


Unloading from Road Trucks and Moving to Storage 


Unpalletized loads.--After the road truck is backed up to the receiving 
platform, empty pallets are placed on the platform at the end of the truck. 
Boxes of fruit are stacked in unit loads on the pallets. The fork-lift 
truck operator removes these pallet loads as they are completed, leaving 
room for additional pallets. 21/ After the first two pallets have been 
removed the remainder of the pallets are placed on the road truck bed. 
Boxes of fruit are manually lifted and carried by the truck driver to the 
pallet. Thus, considerable effort is involved in building unit loads, 
especially on the last pallets. 


This method of unloading road trucks to pallets at the warehouse 
required a total of 3.15 man-hours of labor to place 1,000 boxes on pallets, 
pick up, transport, and stack the pallet loads in storage by use of a fork- 
lift truck. Elapsed time required was 2.70 hours (table 48). 


Table 48.—-Labor required for a 2-man crew to unload and move 1,000 unpacked boxes of apples into 
storage from a road truck by use of pallets and fork-lift truck when boxes 
are received unpalletized 


e rocuerive: Fatigue : Wait : Total 
Operation ‘Workers labor :allowance: time : labor 
sNunber = ; Wan-hours Man-hours Man-hours Man-hours 


Set up and clean up at 0.12 0.0 0.0 0.12 
Transfer boxes from road truck bed to 48=box : 
pallets : tas 2.15 243 Ae) 2.58 
Pick up 48=-box pallet load by use of a : $ 
fork-lift truck ee! es 205 9) 20 05 
Transport pallet load 100 feet q ee 29 202 -O0 ool 
Release pallet load in cold storage room : 
(average lst, 2nd, and 3rd tier--18 boxes hen): Lees 209 Ae) Ae, .09 
Total man-hours ied : 2.70 245 L/a60 3.15 
Elapsed time--hours : : 2.70 


ay Although no wait time is show, some wait time would occur by use of this method if the 
fork-lift truck and operator waited while pallet loads are built. 


21/ It is possible that wait time would occur if the fork-lift truck 
operator should be busy when the pallet load is ready to be removed from 
the end of the road truck. Similarly, there could be considerable wait 
time on the part of the fork-lift truck driver if he stood by waiting for 
the worker to build the pallet load. On the studies taken there was an 
average of 0.40 man-hours of wait time per 1,000 boxes. 
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Palletized loads.--When boxes of apples are received palletized, the 
pallet loads are built on the road trucks at the temporary storage area 
in the orchard. On arrival at the warehouse, tie ropes and boards are 
removed from the road truck and the lift-truck operator unloads the fruit. 
In receiving loaded pallets from road trucks, two different methods are 
used. By use of one method all pallet loads are removed from the road 
truck and deposited on the receiving apron, thus freeing the road truck as 
promptly as possible for return to the orchard (fig. 50). Later, the fork- 
lift truck operator moves the unit loads into storage. 


Figure 50.--Pallet loads of boxes resting on the receiving apron. 


By use of the second method of receiving palletized loads, the lift 
truck operator removes pallet loads from the road truck one at a time and 
transports them directly to storage (fig. 51). Thus, when the road truck 
is ready to return to the orchard, all except the last unit load is 
already in storage. 


Each method has its advantages and disadvantages. When pallet loads 
are unloaded to the apron one additional pickup and release is required 
of the fork-lift truck operator, thus using more of the lift truck 
operator's time (fig. 52). However, the time the road truck and its 
driver spend in unloading is reduced and the road truck is freed more 
promptly for return to the orchard. When the unit loads are moved direct- 
ly into storage, the time of the fork-lift truck and its operator is 
conserved at the expense of the road truck driver. 
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Figure 51.--A fork truck removing a loaded Figure 52.--A fork truck picking up a 
pallet from a road truck preparatory to pallet load from the receiving apron. 
taking it directly to the storage area. 


As shown in table 49, when pallet loads are unloaded to the apron 
before they are transported the 100 feet into storage, a total of 0.96 of 
a man-hour is required to receive 1,000 boxes of apples. The largest 
part of the productive labor is used for transportation. When the fruit 
is unloaded and moved directly to storage, the fork-lift truck operator's 
time is reduced, but the road truck operator must stand by while pallet 
loads are transported to storage. If the road truck driver's time is 
included, the total man-hours are 0.24 greater, or 1.20 man-hours per 
1,000 boxes. 


The most significant comparison in the two methods is in the elapsed 
times for the two methods. The time the road truck is at the plant nearly 


Table 49.--Comparetive labor requirements for unloading end moving 1,000 unpacked boxes of apples into storege from road trucks 
by uee of pallets and fork lift truck when specified methods sre used for receiving palletized loads 1/ 


Unloading to apron, then to storage : Unloading and moving directly to storage 
peeration Hy Workers? Productive : Fatigue t Wait : Total Workers ‘Productive : Fatigue : Wait : Total 
H t labor tallowance : time + lebor + t labor :allowance : time + labor 
: Number : Men-hrs. Man-hrs- Man-hra. Man-hre. 1 Nunber ; Men-hre. Men-hre. Man-hre. Man-hre. 
: t i t 
Set up and clean up rol ‘ 0.13 0.0 0.19 0.72 : 2 : 0.13 0.0 0.47 0.60 
t t : i 
Pick up 4 48-box pallet loed off the : 3 1 : 
road truck bed by use of a fork : : fy fy 
lift truck : 1 ! O07 0 0 -O7 38 1 3 07 0 13 20 
H H t : 
Transport pallet load 10 feet by use ¢ : : ' 
of a fork lift truck ; 1 : -O7 -O1 0 -08 3 - t - - - - 
‘ t t : 
Release pallet load on apron by use t : : : 
of fork lift truck : 1 : -O4 .0 -0 Oh s = : - - - - 
H H t ' 
Pick up pallet load off the apron by H t t 
use of fork lift truck : 1 t Pies) 0 0 205 2 - t - - - - 
3 3 Hy Hy 
Transport pallet load 100 feet by ’ t 
use of fork lift truck : 2 : 29 +02 te) c+ Cay gee t 29 02 t+) n 
t ‘ ' H 
Release pallet load in the cold t : ' t 
storage room (average let, 2nd ’ ' Hy t 
and 3rd tier - 18 boxes high) 2, 3 t C9 -0 -0 09 : 21 : .09 -0 -0 +09 
: Hi H i 
Totel man-houre ; =f OTM 0.03 0.19 0.96 } - | 0.58 0.02 0.60 1.20 
Elapsed time -- hours : 2/ 0.32 ! 0.60 
3 


: 
ce ee RE RE SS SS ee Ee 
1] The time of the road truck operator is included in this table during set up and clean up. Part of the time he is standing by weiting. 
2/ Elapsed time to perform unloading and placing in storage is 0.77 hours per 1,000 boxes. 
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doubled when fruit is moved to storage directly from the road truck. 
However, during heavy receiving when road trucks are waiting and the 
apron is full of pallets, the elapsed time required to unload to the 
apron increases to 0.64 hour per 1,000 boxes, because pallet loads on the 
apron must be moved to storage before others can be deposited on it. 


Comparison of receiving unpalletized and palletized loads.--On the 
basis of current wage rates, labor and equipment costs for unloading and 
moving 1,000 boxes of apples to storage were $4.05 when the fruit was 
unloaded from the truck and moved directly to storage, $3.95 when the 
fruit was unloaded to the apron and then to storage, and $5.64 when pallet 
loads were built at the plant (table 50). If a plant operator does not 


Table 50.--Comparative labor and equipment costs of unloading and moving 1,000 unpacked boxes of apples into 
storage from road trucks by use of pallets and fork-lift trucks when 3 specified methods are used 1/ 


3 * Labor and equipment required : Labor and equipment costs 
“Elapsed: 
Method 3 B : 7 : H Total costs 
. . time * Equipment { Wait |= Total :Equipment: Labor Girwentrhssumed Assumed 


oo 09 06 


: time : time : labor : wages ; wages 
ours :Machine-hours:Man-hours Man-hours: Dollars Dollars Dollars Dollars 


Receiving unpalletized loads 1 worker: : : : 
stacks boxes on pallets, 1 fork-lift: 7 : : 


truck operator transports and stacks: : : : 


pallet loads 22.70 : 3/0.90 : 0.0 3.15 : 1.94 3.70 5.64 6.43 
Receiving palletized loads to apron ‘ : ; 

to storage using pallets and fork- : 5 6 4 

lift truck : 32 : 4/1.2 : «19 96 ; 275 1.20 3.95 4.19 


Receiving palletized loads to stora e: ; : : 
using pallets and fork-lift truck : .60 5/ 1.0 : -60 2320. 2 2558 1.47 4.05 4.35 


1/ The time of road truck operator during set up and clean up is included. Part of the time he is standing 
by, waiting. 

2/ Computed from "current" wage rates. 

3/ 4,000-pound capacity electric fork-lift truck and 20.8 pallets (48-box), 0.45 machine-hours each, total 
0.90 machine-hours. 

4/ 4,000-pound capacity electric fork-lift truck and 20.8 pallets (48-box), 0.64 machine-hours each, total 
1.28 machine-hours. 

5/ 4,000-pound capacity electric fork-lift truck and 20.8 pallets (48-box), 0.60 machine-hours each, total 
1.20 machine-hours. 


oe oe 


pay for the truck driver's time, it would be to his advantage to receive 
palletized loads directly to storage. From the grower's standpoint, it 
would be much more desirable to receive to the apron. The best practice 
appears to be to unload to the apron during slack receiving and to unload 
directly to storage during peak receiving or at times when the fork-lift 
trucks are rushed. The final decision as to which method would be the 
best during a slack period depends on whether it is desired to use the 
road trucks at the highest capacity. Sixty-six percent of the cost of 
receiving apples when truckloads were unpalletized was for labor. 
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Unloading from Orchard Trailers and Moving to Storage 


Unpalletized loads.--Apples are more frequently received unpalletized 
on orchard trailers than on road trucks. Orchard trailers are seldom 
loaded more than 3 boxes high. Therefore, labor is required for building 
the 3-box-high pallet loads to 6 boxes high when the trailers are partially 
palletized. The trailer driver usually removes the fruit from the trailer 
by placing it on pallets after the load arrives at the warehouse. 


When the loaded trailer arrives at the warehouse it is stopped at one 
of a number of different locations on the unloading apron. The tractor 
operator obtains empty pallets and places them around the trailer. 22/ 

(In practice he may only place one pallet at a time and build a unit load 
before he gets another empty pallet.) The tractor operator stands on the 
ground and removes the boxes from the edge of the trailer and places them 
on the pallets (fig. 53). After boxes on the pallet are built up to the 
height of the trailer bed, the worker then stands on the trailer bed, moves 
the boxes from the middle of the trailer with a swinging motion, and 
completes the unit loads (fig. 54). 


Figure 53.--Tractor driver stacks boxes Figure 54.--Boxes from the middle of the 
from trailer to pallet. trailer are swung into place by the 
worker standing on the trailer. 


The lift truck operator may move the pallet loads into storage as each 
load is completed, or he may perform other work until all of the unit loads 
have been completed and then place all of the unit loads into storage con- 
secutively. As shown in table 51, this method of receiving fruit unpallet- 
ized on orchard trailers at the pallet plant required 2.48 man-hours per 
1,000 boxes. None of this time was lost in waiting. 23/ Only a small 


22/ One operation was observed where the fork-lift truck operator 
trucked the empty pallets to the trailer and spread them. 

23/ Some delays could occur on the part of the lift truck operator 
if he should stand by waiting for unit loads to be completed. 
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Table 51.--Labor required for a 2-man crew to unload and move 1,000 unpacked boxes of apples into 
storage from orchard trailer by use of pallets and fork-lift truck when boxes are 
received unpalletized 


Operation ?Workers:Productive > Fatigue: Wait; Total 
: 7 labor :allowance: time : labor 
‘Number : Wanchours Wan-hours Wan-hours Man-hours 

Set up and clean up : al : 0. 24 0.0 0.0 0.24 
Transfer boxes from orchard trailer to 48—box : 

pallets > 1 : 1,49 -50 AAC) 1.79 
Pick up a 48=box pallet load with fork-lift : 

truck : 1: 205 0 Ae) 205 
Transport pallet load 100 feet on fork-lift : 

truck ee | : 229 02 AA) ool 


Release pallet load in cold storage room 
(average lst, 2d, and 3rd tier—-18 boxes : 
high) Siecle srs 09 20 20 09 


Total man-hours ee eee 32 .0 2.48 
Elapsed time—hours : ; 1/ 2.03 


1/ The elapsed time required to unload a 144—box trailer load is 18 minutes. 


amount of time is required by the fork-lift truck operator--0.45 man-hour 
to handle 1,000 boxes. Most of this is used in transporting pallet loads. 
The elapsed time required for receiving by this method is 2.03 man-hours 
per 1,000 boxes. 


Partially palletized loads.--Most pallet plants in Washington State 
receive road trucks at the warehouse with the boxes stacked into unit loads 
on pallets, which has proved to be the most efficient method of receiving. 
However, when fruit is hauled on trailers, the efficiency of palletizing in 
the orchard is not as readily apparent. Most orchard trailers now in use 
cannot haul fruit completely palletized, as trailer loads are stacked only 
3 boxes high, but the unit load can be partly completed. 


When boxes of fruit are partially palletized on orchard trailers, they 
are placed on the pallets between the tree rows, but the pallet loads are 
not completely built. Only half enough pallets are placed on the trailers 
to cover the surface of the bed, which permits enough unpalletized boxes 
to be hauled in so that the unit loads can be built from 3- to 6-boxes 
high after arrival at the warehouse (fig. 55). On arrival at the ware- 
house, the trailer operator drives onto the apron in a convenient location 
for unloading and completes the pallet load on the trailer. In some 
plants the partially palletized loads are lifted from the trailer bed by 
use of a fork-lift truck and deposited alongside the trailer bed, 
where the trailer operator completes building unit loads from the 
unpalletized boxes on the trailer. As shown in figure 56, pallet loads 
are then transported to storage by use of a fork-lift truck. 


The total labor required to receive partially palletized boxes of 
apples is 1.56 man-hours per 1,000 boxes (table 52). Most of this labor 


Figure 55.--A partially palletized trailer load of boxes. 


is performed by the trailer operator to complete building the unit loads. 
By this method 1.11 hours elapsed time are required to receive 1,000 boxes. 


woe 


Figure 56.--A fork truck transporting a loaded pallet into cold storage. 
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Table 52.—-Labor required to unload and move 1,000 unpacked boxes of apples into storage from 
orchard trailers by use of pallets and fork-lift trucks when boxes are received 
partially palletized 


: :Productive; Fatigue ; Wait : 
Grezelt on Workers labor :allowance: time : labor 
Number : Man-hours Man-hours Man-hours Man-=hour s 


oo jee 
eo 00 jee 


Set up and clean up > 1 = 0.10 0.0 0.0 0.10 
Transfer boxes from orchard trailer to 48=box : 3 
pallets eee Lee 84 ol? Ae) 1.01 
Pick up of pallet load by fork-lift truck ee Bee 005 20 Ae) 205 
Transport pallet load 100 feet say 7 Laas 29 02 Ae) ° OL 
Release unit load in cold storage room : 3 
(average lst, 2nd, and 3rd tier—-18 boxes 3 
high) Sie La ees 209 Ao) Ae) 209 
Total man-hours = = 3 1.37 219 AAS) 1.56 
Elapsed time--hour s_ : : 1.11 


Completely palletized loads.--Completely loaded pallets are received 
from an orchard trailer at one plant in Washington State. This method 
involved the use of a special trailer which hauled fruit from the orchard 
with boxes in unit loads 5 boxes high. This trailer was constructed so 
that the trailer bed or frame was especially low (fig. 57). The spacing 


Figure 57.--The specially built pallet trailer. 


between some of the tree rows and the terrain in the orchard must be 
favorable for a trailer of this type. In the orchard, between the tree 
rows, boxes are loaded onto pallets resting on the bed of the low trailer. 
The trailer is loaded from either side. Pallet loads are tied, to permit 
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Figure 58.--A pallet load being untied and another being removed from the 
special pallet trailer. 


hauling to the warehouse. At the warehouse the fork-lift truck operator 
lifts the pallet loads directly from the trailer and moves them into 
storage (fig. 58). 


By use of this method of receiving palletized boxes on an especially 
built trailer, only 1.22 man-hours per 1,000 boxes were required (table 53). 
The elapsed time required per 1,000 boxes was 0.61 hour. During the time 
the trailer was being unloaded, the driver stood by waiting, except for the 
brief period during which he prepared for unloading, and cleaned up 
afterward. 24 / 


Table 53.--Labor required to unload and move 1,000 unpacked boxes of apples into storage from 
orchard trailers by use of pallets and fork-lift truck in unit loads 5 boxes 
high (40 boxes) when boxes are received completely palletized 


ree Fatigue Wait : Total 
ati wi rkers: gu : 
Peers rer easel or vallownee: time : labor 


Set up and clean up = 1 = 0.23 0.0 0.38 0.61 
Pick up 40-box pallet load off orchard trailer : : 

bed by use of fork-lift truck sad, ods .08 Ae) 204 coke 
Transport pallet load 100 feet to storage by ; 

use of fork-lift truck : La 2355 03 Ae) 238 


Release pallet load in cold storage by use of 
fork-lift truck (average lst, 2nd, and 3rd 


tier—15 boxes high) ee ieee elt 0 0 oll 
Total man-hours ec 077 203 242 eee 
Elapsed time--hours 3 : -61 


2h / This operation was observed at a plant owned by the growers. 
Sometimes the trailer driver engaged in some other activities during the 
unloading operation. In fact, with a slight addition in total time, the 
scale of their operations might have permitted the trailer driver to 
operate the fork-lift truck also and to move the fruit into storage. 
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Comparison of receiving unpalletized loads, partially palletized loads, 
and completely palletized loads.--The labor and machine costs of unloading 
apples at a pallet plant when fruit is received palletized or partially 
palletized on trailers show that receiving the fruit partially palletized 
can be done at less total expense, although it involves a slightly greater 
labor cost, than when the loads are completely palletized (table 54.) The 
extra cost of the trailer for handling the completely palletized trailer 
load raises the machine cost to a point where some advantage is offset. 
However, the elapsed time for unloading the completely palletized load is 
approximately one-half as great. This may have sufficient advantage to 
make it worthwhile where orchard conditions will permit using a special 
trailer. 


Table 54.--Comparative labor and equipment costs of unloading and moving 1,000 unpacked boxes of apples into 
storage from orchard trailers by use of pallets and fork-lift truck when boxes are received 
unpalletized, partially palletized, and completely palletized 1/ 


: * Labor and equipment required i Labor and equipment costs 
“Ela 90 lo Callie aban 
Method eine Equipment * Wait : Total manor ieee eee 
; : ti nie ise 3) labor :Equipment ; 2/ ;Current:Assumed 
: : 3 5 : 2 Wages ; wages 
; Hours :Machine-hours:Man-hours Man-hours: Dollars Dollars Dollars Dollars 
= a 4 3 : 
Unpalletized--1 worker stacks boxes : : F 
on pallets, 1 fork-lift truck : : : E 
operator transports and stacks unit = 2 7 
loads : 2.03 : 3/0.90 : 0.0 2.48 ; 1.94 2.93 4.87 5.49 
Partially palletized-—-part of the H A : : 
boxes are on a trailer stacked on H : A 
pallets. At the warehouse the re- 3 E 
mainder of the boxes are stacked on : 3 d 
the partially filled pallets and the : B A 7 
loaded pallets moved into storage by : G : 3 
fork-lift truck Pyar pie 3/ -90 : 0 1.56 : 1.94 1.87 3.81 4.20 
Completely palletized--a specially : 7 
built trailer with pallet loads : : : B 
stacked 5 boxes high. Loads are : : $ : 
untied at the plant and the fork- . i 7 3 
lift truck takes the pallet loads : : : E 
from the trailer into storage : -61 ; 4/ 1.22 ; .42 eee. «2 £262 1.49 4.11 4.42 


1/ All methods involve the handling of 48-box pallet loads which are tiered 3 pallets, or 18 boxes,high, 
except when completely palletized loads are received. This method involves handling 40=-box pallet loads (boxes 
are stacked 5 high rather than 6 high) and are tiered 3 pallets or 15 boxes high. 

2/ Computed from "current" wage rates. 

3/ 4,000-pound capacity electric fork-lift truck and 20.8 pallets (48-box) 0.45 machine-hours each, total 
0.90 machine-hours. 


4/ 4,000-pound capacity electric fork-lift truck and 20.8 pallets (48-box) 0.61 machine-hours each, total 
1.22 machine-hours. 


Industrial Clamp-Type Lift Trucks 


The industrial clamp truck is similar to the industrial fork-lift 
truck except that the forks have been replaced by a pair of hydraulic 
arms. These arms extend to either side of the load and squeeze the stacks 
of boxes together so that they can be lifted and carried as a unit load. 
Industrial—clamp trucks used in Washington State apple houses at the time 
the study was conducted were of two sizes or capacities--1,000-pound trucks 
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that handle a 24-box load, and 2,000-pound trucks that handle a 36-box 
load. Both the 1,000-pound and the 2,000-pound industrial-lift truck are 
powered by either gasoline or electricity. Both the gasoline and the 
electric power units were studied in the 1,000-pound size and no differ- 
ence in the performance was observed. In the 2,000-pound size, only 
gasoline-powered trucks were studied, although one 2,000-pound electric 
clamp-type lift truck was used by one warehouse. The time required to 
handle boxes in 24-box and 36-box unit loads was found to be approximately 
the same per load. Thus, it requires two-thirds as much time to handle 
1,000 boxes in 36-box units as in 2h-box units. 


The 1,000-pound capacity industrial-clamp truck, which handles a 
2k4-box load of unpacked fruit, is lighter and more maneuverable than the 
larger industrial trucks (fig. 59). Because of its limited capacity and 


joy, 


eaten. 


Figure 59.--A 1,000-pound capacity industrial clamp-lift truck carrying a 24-box load. 
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the heavier weight of packed boxes, this truck can carry only 20 boxes of 
packed fruit. This truck can travel on floors that are not as heavily 
reinforced as the floors in the plants using the heavier truck. The 

lighter truck can maneuver more easily in storage rooms having a number of 
columns or posts. The 2,000-pound capacity truck carries 36 boxes of loose 
fruit per load or 30 boxes of packed fruit. It weighs approximately 40 per- 
cent more than the smaller truck and requires about a 20 percent larger area 
in which to maneuver (fig. 60). 


Figure 60.--A 2,000-pound capacity industrial clamp-lift truck carry- 
ing a 36-box lad. 


By use of one method, the industrial-clamp truck can perform all 
receiving operations. By use of another method, it performs only part of 
the receiving work. When fruit is brought to the plant on trailers, the 
clamp truck is used to tier the 3-high stacks of boxes to unit loads 
6 boxes high. This truck also is used to lift these unit loads off the 
trailer, or similar unit loads off a road truck bed if the truck bed has 
been stabilized, and transport them to storage. In the cold storage rooms, 
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the truck releases the first tier or 
elevates the second tier, and in 
connection with the latter, performs 
all of the functions of a manual high 
piling crew. The usual practice in 
stacking the second tier on the first 
tier is to place divider boards on 
top of the first tier in order to 
build a more stable base. These 
boards also prevent the second tier 
stacks from spreading. 


Two types of dividers are used in 
industrial-clamp truck plants. One 
type consists of a sheet of plywood 
having the same dimensions as the top 
of the unit load (fig. 61). The other 
type consists of three wood slats 
placed between the tiers and on the 
box edges (fig. 62). The latter type 
is more economical, since scrap lum- 
ber can be used. 


Figure 61.--Plywood divider to place 
between tiers. 


One plant uses a box grip 
instead of dividers. This grip was 
a metal plate, 3- by 1-3/4-inches, 
with four fingers extending from it, 
one from each corner. It is used on 
24-box loads at the junction of the 


Figure 62.--Wood slats used as divider top four boxes, one finger grabbing 
between tiers. the corner of each box. 


With one exception, a standard transportation distance of 100 feet 
into storage is used in analyzing and comparing methods. The exception 
is when the industrial-clamp truck is used in combination with 2-wheel 
hand trucks for receiving. The industrial-clamp truck is assumed to 
transport 80 feet into cold storage and the hand trucks transport 30 feet 
from the road truck bed to a temporary bank. It is also assumed that all 
divider boards (scrap lumber) are placed between the first and second 
tiers by the industrial-clamp truck operator. 


Spaces 


Cost data for the 24-box industrial-clamp truck are based on the 
ownership and operation of electric-powered machines. Costs of the 36-box 
industrial-clamp truck are based on gasoline-operated machines. 


Unloading and Moving to Storage 


There are two methods of receiving fruit at the plants using industrial- 
clamp trucks. One method involves the use of a clamp-type 2-wheel hand truck 
to unload the fruit from the road truck to the receiving platform, after 
which unit loads are picked up by the industrial truck and moved into cold 
storage. The other method is to stabilize road truck beds and have the 
industrial clamp truck roll directly on the bed of the road truck to pick 
up unit loads and move them to storage. 


Industrial clamp-type trucks and clamp-type 2-wheel hand trucks.--The 
most widely used method of unloading apples and moving them into storage 
in industrial-clamp-truck plants is to back the road truck up to the re- 
ceiving platform and remove the fruit from the truck bed by use of 2-wheel 
hand trucks. The hand truck operators release the fruit in blocks on the 
receiving platform where the industrial-clamp truck operator picks up 
24-box unit loads, squeezing them close together with the clamping arms, 
and transports them to storage (figs. 63 and 64). The reason for using 


Figure 63.--A hand trucker wheeling stacks to the platform 
where an industrial-clamp truck picks up a unit load and 
takes it into storage. 


hand trucks to remove fruit from the road truck is that the weight of the 
industrial truck springs the road truck bed down as it rolls out onto it. 
Since the road truck bed is then several inches below the platform height, 
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Figure 64.--Stacking a unit load in storage with an 
industrial clamp-type lift truck. 


the loaded industrial truck cannot move off the road truck bed to the 
platform. 


By use of this method, one worker hand trucks boxes of apples from 
the road truck to the platform and one worker operates the industrial 
truck. A total of 2.86 man-hours of labor is required to receive 1,000 
boxes of apples, in an elapsed time of 1.43 hours (table 55). Thus, a 
road truck (288 boxes) can be unloaded in 25 minutes. Half of the time 
required to move the fruit into storage is used in hand trucking the 


dips 


stacks onto the receiving platform. The small amount of wait time is due 
to the industrial truck operator waiting for unit loads to be made up by 
the hand trucker. 


Table 55.--Labor required to unload and move 1,000 unpacked boxes of apples into storage from @ 
road truck by use of clamp-type 2-wheel hand truck and 24-box capacity 
industrial clamp-type lift truck 


3 :Productive: Fatigue : Wait: Total 
Operation git labor :allowance: time :; labor 
:Number : Man-hours Man-hours Man-hours Man-hours 


Set up and clean up 3 2 : 0.12 0.0 0.0 0.12 
Pick up 6-high stacks on road truck bed by - 

use of 2-wheel hand trucks 1 209 004 0 043 
Transport stacks 30 feet by use of 2-wheel : 

hand trucks : 1s: 62 06 20 68 
Release stacks from 2-wheel hand trucks on : 

receiving platform 1 

Pick up 24—box unit load by use of industrial 

clamp-type trucks s ol 
Transport unit load 80 feet by use of clamp- ;: 7 

type lift trucks re 248 06 0 0 54 
Release unit load by use of clamp-type lift 3 

trucks (average lst and 2nd tier--12 boxes : 

high) H at - 039 0 Ale) 39 


° 24 002 1°) © 26 
o16 00 eal 237 


Place boards between lst and 2nd tier < 4...4° 407 .0 .0 .07 
Total man-hours a eee .18 2 2.86 
Elapsed _time--hours : : 1/ 1.48 


1/ The 24-box industrial clamp-type lift truck and 2-wheel hand truck can receive 18-road 
truckloads of 288 boxes each during an 68-hour day. 


Industrial clamp-type truck and truck bed stabilizer.--At a processing 
plant, research workers found a method of receiving in which the indus- 
trial-clamp truck rolled directly from the platform onto the road truck 
bed to pick up unit loads. This method involved the use of a hydraulic 
stabilizer which lifted the road truck bed up to the height of the receiv- 
ing platform and held it at that height, thus preventing the truck bed 
from springing up and down. This method was tried for receiving apples 
and observations were made of the performance of industrial trucks at an 
apple packing and storage plant. By use of this method, the road truck 
backed into a depression in front of the receiving platform. A hydraulic 
lift of the type shown in figure 65, elevates the loaded road truck bed 
off the truck springs and holds it firmly underneath a metal plate pro- 
jecting from the edge of the receiving platform. The truck operator 
drives the industrial truck onto the road truck bed to pick up unit 
loads (fig. 66). Unit loads are transported directly from the road truck 
to storage. 


This operation proceeded with considerable dispatch--requiring 
1.28 man-hours elapsed unloading time per 1,000 boxes or 22 minutes per 
truckload. Total labor requirements were 2.56 man-hours (table 56). 
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Figure 65.--The hydraulic stabilizer works 
by forcing the bed of a road truck up 


against a metal plate projecting from Figure 66.--The industrial clamp truck 
the receiving platform. rolling onto a truck bed to pick up a 
unit load. After picking up a load, it 
Nearly half of this labor is wait backs off the truck bed and transports 
time which occurs because the road the load into storage. 


truck operator stands by except for 

the time spent in setup and cleanup. 25/ Nearly half of the industrial- 

clamp-truck operator's time is used for transporting loads from the road 
truck to storage. A large part of the industrial-clamp-truck operator's 
time also is spent tiering. Placing the stabilizer boards on top of the 


Table 56,--Labor required to unload and move 1,000 unpacked boxes of apples into storage from a 
road truck by use of 24—box capacity industrial clamp-type lift 
truck and a hydraulic stabilizer unit 


:Productive: Fatigue : Wait : Total 
Operation ;Workers: labor :allowance: time : labor 
‘Number + Man-houre Man-hours Man-hours Wan-hours 

Set up and clean up = 1 = 0.15 0.0 1.13 1.28 
Pick up 24-box loads off road truck bed by : 3 

use of industrial clamp truck Cae Somer ell 20 209 220 
Transport 24=box unit load 100 feet by use 3 3 

of industrial truck > 1 3 256 206 Ae) 62 
Release in cold storage by use of industrial : $ 
truck (average lat and 2nd tier—12 boxes 3 3 

high) a 2359 Ale) Ae) 239 

Place boards between first and second tier ee 07 AS) AS) 07 

Total man-hours $=  : 1.28 206 1.22 2.56 

Elapsed time--hours : : 1/ 1.28 


WA The industrial clamp-type lift truck used with a hydraulic stabilizer unit can receive 
20 road truckloads of 288 boxes each during an 6—-hour day. 


25/ Some plants do not require the road truck operator to do 
productive work while the truck is unloaded so that some allowance for 
this time could justifiably be made. 
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first tier and releasing in a cola storage room with numerous posts and 
air ducts accounts for the relatively large percentage of time devoted to 
these operations. 


Comparison of methods.--Labor and equipment costs of unloading road 
trucks by these methods show that the costs by hand truck and industrial- 
clamp-truck methods are less than the costs when the truck bed stabilizer 
is used--$5.72 per 1,000 boxes compared with $6.27 (table 57). The costs 
of the latter method are affected largely by extra machine costs. 26/ The 
older method, however, has a disadvantage of requiring a longer time to 
unload road trucks. Although the "stabilizer" method costs more, it re- 
sults in the fruit having one less handling and it should be noted that 
the road truck operator is standing by most of the time. 


Table 57.--Comparative labor and equipment costs of unloading and moving 1,000 unpacked boxes of apples into 
storage from road trucks by use of clamp-type 2-wheel hand truck in combination with 24-box capacity 
electric industrial clamp-type lift truck and by use of hydraulic stabilizing unit in combination 
with 24-box industrial clamp-type lift truck 


*Elapsed® - - : 
time * Equipment * Wait  ° Total * 
. time < 


Labor and equipment required : Labor and equipment costs 


$ :__ Total cost 
Labor *_——>— === 
> labor :Equipment: 1/ :Current:Assume 
: : = 5 : Wages : wages 
: Hours :Machine-hours:Man-hours Man-hours: Dollars Dollars Dollars Dollars 


Method 2 
: time 


One worker hand trucks from road truck: : : 
30 feet. Clamp-type lift truck moves: : : H 
fruit 60 feet to storage 21.43 : 2/ 4.29 : Oat 2.86 ;: 2.22 3.50 5.72 6.44 


One worker and clamp-type lift truck : H 
transport 100 feet from road truck : R 3 
bed, stabilized by use of hydraulic 


unit, to storage 11.28 3/ 3.84 : 1.22 2.56 : 3.14 3.13 6.27 6.91 


ee 00 oe 


a Computed from "current" wage rates. 
2/ Clamp-type 2-wheel hand truck, 1,000-pound capacity electric industrial clamp-type lift truck, and 
41.6 board-feet of dunnage 1.43 machine-hours each, total 4.29 machine-hours. 

3/ Clemp-type 2-wheel hand truck, 1,000-pound capacity electric industrial clamp-type lift truck, and 
41.6 board-feet of dunnage 1,28 machine-hours each, total 3.84 machine-hours. 


Unloading from Orchard Trailers and Moving to Storage 


From conventionally loaded trailer.--When orchard trailers are loaded 
in conventional manner, that is, with no spacing between stacks, and 


26/ The cost of the hydraulic stabilizer amounts to $0.92 per hour 
of use. Also, the road truck driver is idle except for setup and 
cleanup but his idle time is charged to the improved method. 
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moved to the warehouse, the boxes must be built into 6-high unit loads 
consisting of 36 boxes of unpacked fruit. This work is done by the 
tractor operator after the trailer has been parked on the receiving apron. 
These unit loads are moved by the industrial-clamp truck from the trailer 
bed 100 feet to storage where the boxes are tiered. 


The total labor required to receive 1,000 boxes of apples by use of 
this method is 1.92 man-hours (table 58). An elapsed time of 1.26 hours, 
or 11 minutes per 144-box trailer load is required. Over half of the 
total labor, 1.16 man-hours, is required to build the boxes from 3-high 
to 6-high stacks. 


Tsble 58.—-Comparative labor requirements for unloading and moving 1,000 unpacked boxes of apples into storage by uee of 
36-box capacity clamp-type industrial lift truck when orchard trailers are loaded in snecified arrangements 


: 1 
Operation : Conventionally loaded trailcre ; 


‘Workers pereeeerest Fatigue : Wait 1 Total: Werke roles oreo”? : Fatigue +: Wait : Total 


Specially loaded trailers 


labor _tallowance : time : labor : labor _:allowance ; time : labor 
+ Number ; Kenchr®- = qMen-hrs. Man-hre, Man-hrs.: Number : Men-hrF Renehr&. Man-hre. Men-hre. 
Set up and clean up ae | t 0.10 0.0 0.0 0.10: 1 1 0.10 0.0 0.93 1.03 
$ t H t 
Menually build 6-high stacke from t : : ! 
3-high stacks on trailer bed a | t 97 19 9 1.26 3 = : - - - - 
H 3 Hy 
Clomp-type lift truck builde 6-high + : t 
stacks from 3-high stacks on treiler : 3 Hy t 
bed 3 - 1 - - - - t 1 t 35 02 to] 37 
1 1 3 4 
Pick up 36-box unit load by use of t 1 : ‘ 
clamp-type lift truck : ps 3 12 fo) +0 12 3 1 3 12 9 19) 12 
3 1 : Hy 
Transport unit load 100 feet by uee of: 1 t 
clamp-type lift track ® 2 : ho 203 0 MS ig? ay 1 40 293 9 43 
ry t t t 
Release unit load with a clamp-type +: Hy Hy 1 
lift truck (average lst and 2nd t t Hy t 
tiers - 12 boxes high) : 2 ' 11 te) -0 pe Le ae ' 11 0 +0 11 
t 
Totel man-hours yt ATO 0.22 0.0 6©6u.g2 § - fF 2.08 9.05 0.93 2.06 


2 Hi : i i 


Blapsed time -- hours : 1.26 ; 1.03 


From specially loaded trailer.--The industrial-clamp truck appears to 
be particularly efficient for receiving fruit if a relatively large volume 
of receipts arrive on orchard trailers, because this type truck can be 
used to tier boxes from 3 high to 6 high on the trailer bed. 


When the fruit is to be tiered by an industrial-clamp truck, the 
trailer is loaded with sufficient space between unit blocks for the clamp- 
ing arms of the lift truck to be inserted. Thus, the industrial-clamp 
truck can efficiently double tier the 3-high blocks, depending on the 
trailer dimensions and whether or not it has boxes built for wheel housings. 
Some of the larger trailers have boxes in the middle of the trailer bed 
beyond the reach of the industrial-clamp truck arms. eT) These boxes must 


27/ This occurs most often with a 24-box industrial-clamp truck 
because the arms are only 24 inches long while the 36-box clamp-lift truck 
has 36-inch arms. 
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be lifted to one side and built into unit loads by hand. Figures 67 to 
72, inclusive, show, in sequence, the operations involved in unloading 
36-box unit loads from specially loaded trailers by use of an industrial- 
clamp truck. 


Some growers find it inconvenient to space the stacks in their 
trailer loads which may be due to the dimensions of the trailer. The 
dimensions of some trailers do not permit extra space between stacks with- 
out reducing the number of boxes that can be hauled per load. Also, there 
is the problem of maintaining this space while the trailer is in transit. 
At the plants studied, 3-high stacks rode fairly well on the trailer when 
separated into unit loads. However, there was a little less stability. 
One grower developed a small metal clip bent into a "U" which was inserted 
over the ends of boxes in the unit load to hold them in place until they 
arrived at the warehouse. 


As shown in table 58, when the clamp-type lift truck builds the unit 
loads, 2.06 man-hours are required per 1,000 boxes which is a 7 percent 
increase above the requirements for the other method. However, the 
elapsed time is reduced to 1.03 man-hours per 1,000 boxes and there is no 
manual labor. The total labor required to unload the trailer would be 
reduced considerably if it did not include 0.93 man-hour per 1,000 boxes 
spent by the trailer driver standing by during the unloading operation. 


ue 


Figure 67.--Field trailers waiting at Figure 68.--Boxes are stacked from 3 high 
the warehouse to unload. to 6 high on the trailer bed. 
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Figure 69.--The 36-box unit load in 6-high Figure 70.--The 36-box unit load is picked 
stacks is ready to be removed from the up by industrial truck. 
trailer. 


Figure 71.--The industrial clamp truck Figure 72.--The load is off the trailer bed 
removes 36-box unit load from the and on its way to storage without manual 
trailer bed. handling. 
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Comparison of methods.--The labor and equipment costs of unloading 
and moving 1,000 boxes of apples to storage from trailers by use of indus- 
trial-clamp trucks are $3.58 when the boxes are stacked 6 high by hand 
(table 59). This is $0.93 less than when the industrial-clamp truck does 
the tiering. The total cost of the latter method is higher because the 
industrial-clamp truck was used 0.37 of an hour more, and because the 
trailer driver is idle and his time is included in the labor cost. The 
method in which the lift truck builds 6-high stacks reduces the elapsed 
time to unload a trailer, and by eliminating the manual stacking, which 
is relatively strenuous, does not require that regular orchard labor be 
used for driving the trailer to the warehouse. When the unit loads are 
built manually at the storage, the fruit as a whole is handled more 
roughly than when only one-half of the boxes are lifted and stacked into 
place one at a time. 


Table 59.--Comparative labor and equipment costs of unloading and moving 1,000 unpacked boxes of apples into 
storage from orchard trailers using 36-box capacity gasoline clamp-type industrial truck when orchard 
trailers are loaded in specified arrangements 


Labor and equipment required Labor and equipment costs 


. 
2 
= 
e 
s 


*Rlapsed* ~ 
> time = Equipment = Wait —° Total 
: time * time ° labor 


Fy otal cos 


Method aa me 
:Equipment: 1/ :Current:Assumed 


Convents opasiy loaded trailer clamp- : : : = 
ype t truck and 1 man stacking : : 7 : 
boxes from 3-high into 6-high stacks,: : H 


36-box unit loads stacked 2 loads or : : : : 
12 boxes high : 1.26 ; 2/1.32 :; 0.0 1.92 : 1.27 2.31 3.58 4.06 


Specially-loaded trailer clamp-type : H : : 
Tift truck stacking and moving the 3 : Ad 3 
fruit, 36-box unit loads stacked : : 3 : 
2 loads or 12 boxes high 21.03 : 3/206 ; 93 2.06 : 1.99 2.52 4,51 5.03 


1/ Computed from "current" wage rates. 

2 2,000-pound gasoline industrial clamp-type lift truck and 41.6 board-feet of dunnage 0.66 machine-hours, 
total 1.32 machine-hours. 

3/ 2,000-pound gasoline industrial clamp-type lift truck and 41.€ board-feet of dunnage 1.03 machine-hours, 
total 2.06 machine-hours. 


The costs of receiving fruit by use of industrial-clamp trucks from 
orchard trailers is not greatly different from those of receiving from 
road trucks. Because the elapsed time in unloading a road truck is roughly 
the same as the elapsed time in unloading an eguivalent number of boxes 
from an orchard trailer, the relative advantage of either vehicle over the 
other lies in the costs of loading in the orchard and in the distance from 
the orchard to the warehouse. 
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Comparisons of Selected Methods and Types of Equipment 
for Receiving from Road Trucks 


Comparative Labor and Equipment Costs 


Table 60 shows the comparative labor and equipment costs, normally 
borne by the plants, of receiving 1,000 boxes of unpacked apples by use of 


the seven different basic types and combinations of types of equipment 
previously discussed. The costs of at least two different methods are 
shown for each equipment category. For the equipment types, other than 
industrial trucks, the methods for which cost data are shown present com- 
parisons of manual and mechanical high-piling. For these equipment types, 
the methods selected for comparative purposes are not in all cases the 
most efficient methods, in terms of costs, either before or after mechan- 
ical high-piling is substituted for manual high-piling. The methods 
selected are those most generally used in Washington State plants based on: 
(1) Costs of performing operations, (2) rates of receiving, and (3) avail- 
ability of equipment. As an illustration, the lowest cost method of using 


Table 60.--Comparative labor and equipment costs for unloading from road trucks and moving to storage 1,000 unpacked boxes of apples by use of specified methods 
and types of equipment 1/ 


t 3 Equipment + Labor cost—- 1! Total cost— : Total cost— 
Type of equipment and method : Workers t > current : current ! essumed 
t 1 cost 2/  ; wage rates 3/ : wage rates 1 wege rates U/ 
: Humber : Dollars Dollars Doliars Dollars 
Hy Hy 
Clamp-type 2-wheel band trucks: 3 workors hand-truck 6-hich stacks 100 feet from : : 
roed truck and relesse in storage; : t 
1. 4 workere manually high-pile 12-box high stacke t ip : 0.07 8.43 8 
2. 1 worker and mechanical lift high-pile 12-box high stacke 5/ 2 8 -70 4.82 5. 


Belt_conveyore end clamp-type 2-wheel hand trucke: 2 workers on road truck place boxes Hy 
on conveyor, 2 workers renove boxes from conveyor end build 6-bigh stacks, 2 workers : 
hand-truck 50 feet and release in storage; 3 

1. 4 workers manually high-pile 12-bozes high 
2. 1 worker end mechanical lift high-pile 12-box high stacks 5/ 


stacka of boxes 20 feet from road truck, release on conveyor, and 2 workers hand-truck 
30 feet from conveyor and release in storage; 
1. 4 workers manually high-pile 12-box high stacks 


Hy 
: 
: 
Floor chain conveyors end clamp-type 2-wheel hand trucke: 2 workers hand truck 6-high : 
t 
t 
z 

2. 1 worker and machonicel lift high-pile 12-box high atecks Fy 


no 
~ 
rv} 
a 
na 


Belt conveyors, stacknaker, floor chain conveyor, and clamp-tyve e-wheel hand trucks: t 3 
2 workers on road truck place boxes on belt conveyor, stackmaker builds 6~high stacks and 3 t 
releaceeon floor chain conveyor, 2 workers hand-truck 50 feet and release in storage; t t 
1. 4& workers manually high-pile 12-box high etacka 8 


Wma 


2. 1 worker and mechanical lift high-nile 12-box high stacks 5/ : 


t 
A t 
Elevators and clamp-type 2-wheel hand trucks: 6/ 2 workers hand-truck 6-high stecke : : 
30 feet from road truck to temporary bank; 3 workere hand-truck 30 feet from bank into t , 
single elevator, ride elevator, and hand-truck 30 feet from elevator to temporary bank on 3 $ 
sta@ege floor; 2 workers hand-truck 69 feet and release in storage; 
1. 2 workers manually high-pile 12-box high stscke 
2. 1 worker and mechanical lift high-pile 12-box high stacks 5/ 


Industrial fork-lift trucks and pelletes 


Unpalletized loads; 1 worker builds 48-box pallet loads on road truck; 

1. 1 worker and fork-lift truck transports pellet loade 100 feet. atacke 3~high (18 boxes) 

Palletized loads; 48-box pallet loads made up in orchards; 

1. 1 worker end fork-lift truck transports 48-box pallet loads 100 feet from road truck 
directly to storage, stacks pallet loade }-high (18 boxes), 1 worker mostly waite te 
2. 1 worker end fork-lift truck unloeds 48-box pallets to apron (transports 10 feet) 
later trensporte 100 feet to apron to storage andetrcks pallet loads %~high (18 boxes), 
1 worker mostly waite 7/ 


Industrial clamp-type lift trucks: (24 box capacity—-unpscked fruit) 

1. 1 worker hond-trucks 6-high stacks 30 feet from road truck bed to platform, 1 worker 
and industrial clamp truck transports 24-box unit load 680 feet to storage and stacke 
2-bigh (12 boxes) 8/ 

2. Road truck bed stabilired by use of hydrenlic unit, 1 worker and industrial clamp 
truck transports 24—box unit load 190 feet from roed truck bed to storage and stacks 
2-high (12 boxes), 1 »orker mostly waits fere 


Aw 


' 
t 
t 
t 
' 
' 
' 
' 


2.22 3.50 5.72 6.4b 


3.14 3.13 6.27 6.91 
t SOLIDE OTA Egan ee a 
5y/ Except aa otherwise noted, oll transportation distances are standardized at 100 feet. By use of conveyor methods, conveyor eccounts for 50 feet of 


transportation distance. 
2/ Eoutpment coste computed from data on ownerehip and operating costs shown in table 2. 
"Current" labor costs computed from wege rates of $1.15 per hour for unekilled labor and $1.30 per hour for semiekilled workers (key workers such as 
industrial truck operators). 
Assumed labor costs computed from wage ratem of $1.40 per hour for unekilled labor and $1.55 per hour for semiekilled workers. 
Coet data for mechanical high-piling covere use of one 2-stack portable lift. 


WE Fel 


Standardized transportation distance of 100 fest increseed to 150 feet because of necessity for hand trucking into and out of two temporary banks of 
supply. Vertical transportation distance is not included. 

Ten feet additional treneportation distance is necessary to move pallet loads 100 feet because of unloading to apron. 

Ten fect additional transportation distance is neceasery to move boxes 100 feet because of unloading to platform by use of hand truck. 


ee 
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floor chain conveyors and clamp-type 2-wheel hand trucks involves the use 
of one worker for unloading, transporting (other than transportation on 
conveyors), and releasing 6-high stacks in storage, and one worker for 
mechanically high-piling boxes. However, the rate of receiving is rela- 
tively low and the method is not used except during slack receiving periods. 
A comparison of receiving rates is shown in the next section. 


The highest cost method involves the use of elevators and hand trucks. 
Labor and equipment costs per 1,000 boxes, when boxes are manually high- 
piled 12 boxes high, are $18.71. These costs are reduced to $16.33 per 
1,000 boxes when mechanical high-piling is substituted for the manual 
method. Obviously the use of the elevator-hand-truck method is applica- 
ble only to operations in multistory plants. 


Of the older and more conventional types of equipment, the clamp-type 
2-wheel hand truck used alone appears to be the most economical with labor 
and equipment costs of $8.50 per 1,000 boxes when boxes are manually high- 
piled 12 boxes high, and $5.52 per 1,000 boxes when mechanically high-piled 
to the same height. Some of the reasons for these relatively low costs 
follow: (1) Equipment costs are low; (2) except for high-piling manually, 
boxes are handled in unit loads consisting of 6-high stacks; (3) each 
worker in a crew works independently of other members and wait time is 
minimized; and (4) no movement of boxes between floors is involved. Obvious- 
ly this method is applicable only in single story plants. 


The lowest costs of all equipment types are incurred by use of industrial 
fork-lift trucks and pallets when boxes are received palletized. Total labor 
and equipment costs are $3.95 per 1,000 boxes when boxes are received in 
48-box pallet loads, are unloaded to the apron and later transported to stor- 
age, and stacked 3 pallets high (18 boxes). When unloaded and moved directly 
to storage, these costs were $4.05 per 1,000 boxes. 


With the exception of methods of receiving palletized loads by use of 
industrial fork-lift trucks, labor costs account for the larger part of the 
receiving costs. Equipment costs per 1,000 boxes of fruit ranged from $0.07 
by use of hand trucks alone to $5.00 by use of elevators and hand trucks. 
For selected methods, labor costs and machine costs are presented graph- 
ically in figure 73. 


In connection with each of the categories of equipment, except one, 
shown in table 60, the second described "improved" handling method proved 
less costly than the first described method. The single exception occurs 
where industrial-clamp trucks and hydraulic stabilizers are used. Costs 
were slightly higher with the stabilizer because of increased equipment 
costs, and the labor ccst of the road truck driver who stood by while the 
trucks were being unloaded. However, the elapsed time required to unload 
was reduced three minutes per truckload. 
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EQUIPMENT AND METHOD 


Clamp-Type 2-Wheel Hand Truck: 3 men hand 


boxes on conveyor, 2 men transfer boxes from 
conveyor, 2 men hand truck 50 ft., 4 men high- 
pile. 


hand truck 20 ft. to chain, 2 men hand truck 
30 ft. from chain, 4 men high-pile. 


Belt Conveyor, Stackmaker, Floor Chain 


on conveyor, 2 men hand truck 50 ft., 4 men 
high-pile. 


Elevator and Hand Truck: 2 men hand truck 

30 ft. to bank, 3 men hand truck 30 ft. from 
bank to elevator, ride elevator and hand truck 
30 ft. from bank, 2 men hand truck 50 ft. to 


storage, 2 men high-pile. 


1 man builds pallet loads, fork-lift truck 
transports 100 ft. to storage. 


Industrial Fork-Lift Truck, Palletized: Fork- 


lift truck transports 100 ft. to storage, 
1 road-truck driver waits. 


1 man hand trucks 30 ft. to bank, 1 industrial 
clamp truck transports 100 ft. to storage. 


4 8 12 162 20 


LABOR COST mn EQUIPMENT COST DOLLARS PER 1,000 BOXES 


Figure 73.--Labor and equipment costs, per 1,000 unpacked boxes of apples, for receiving 
from road trucks and high-piling or tiering by use of specified methods and types of 
equipment. 
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Improved methods (second method in each case) reduced labor costs 
of receiving fruit in all cases. This is a highly desirable objective, 
since the increasing scarcity of labor and rising wage rates emphasize the 
need for using labor more economically. The lowest labor cost per 1,000 
boxes is $1.20. Even in the conventional plants, the labor saving by 
improved methods is large, amounting to as much as $3.61 per 1,000 boxes 
(43 percent) in hand truck operated plants. Improved methods in most 
cases reduced the amount of wait time, thus using labor more economically 
by keeping workers more fully occupied. 


As shown in figure 74, except for the "improved method" of receiving 
by use of industrial-clamp trucks, reductions in the cost of receiving by 
the second method shown ranged from $0.10 to $3.26 per 1,000 boxes. In 
the "conventionally equipped" plants, savings ranged from $1.17 to $3.26 
per 1,000 boxes. These savings resulted from the use of the mechanical 
high-piler in lieu of manual high-piling. This improvement should save 
over $500 annually in a medium-sized, conventionally equipped plant with- 
out modification of the facilities. 


One of the important advantages in connection with the improved methods 
is the reduction of the number of workers in the receiving crew. The 
advantages of a smaller receiving crew are obvious when it is difficult to 
recruit and supervise workers during the harvest peak. 


Comparative Rates of Receiving 


One of the criteria for indicating the desirability of different types 
of equipment for receiving from road trucks is the elapsed time required 
to receive. One method of receiving by use of industrial fork-lift trucks 
when the fruit must be palletized at the warehouse requires more elapsed 
time to unload than any other method (fig. 75). However, when the fruit 
arrived at the warehouse palletized, the industrial fork-lift truck re- 
quired the shortest elapsed time--only 10 minutes per truckload. By use 
of floor chain conveyors and 2-wheel hand trucks, a road truckload could 
be received in 15 minutes. The methods of receiving with the more con- 
ventional types of equipment require less elapsed time than the method of 
receiving unpalletized truckloads by use of fork-lift trucks and also less 
than the method of receiving with an industrial-clamp truck when fruit 
must be hand trucked to the platform. However, increasing the size of the 
hand trucking crew when the industrial-clamp truck is used would decrease 
the elapsed time. Figure 76 shows the elapsed times required with the 
various combinations of equipment after the methods were improved. 


The number of boxes of apples that can be received per receiving crew 
during an 8-hour day, allowing two 15-minute rest periods, varies con- 
siderably with the different equipment and methods. The volumes range 
from 2,300 boxes in a fork-lift truck plant receiving fruit unpalletized 
to 8,600 boxes in a fork-lift truck plant receiving fruit palletized 
(fig. 77). The more conventional methods of receiving are somewhat 


EQUIPMENT AND METHOD 


Clamp-Type__2-Wheel_ Hand Truck: 3 men hand 
truck 100 ft., 4 men high-pile. Improved 
Method - 1 mechanical high-piler. 


boxes on conveyor, 2 men transfer boxes from 
conveyor, 2 men hand truck 50 ft., 4 men high- 
pile. Improved Method - 1 mechanical high- 
piler. 


hand truck 20 ft. to chain, 2 men hand truck 
30 ft. from chain, 4 men high-pile. Improved 
Method - 1 mechanical high-piler. 


ae a a a a a a ee 


conveyor, 2 men hand truck 50 ft., 4 men high- 
pile. Improved Method - 1 mechanical high- 
piler. 


Elevator and Hand Truck: 2 men hand truck 

30 ft. to bank, 3 men hand truck 30 ft. from 
bank to elevator, ride elevator, and hand truck 
30 ft from elevator to bank, 2 men hand truck 
50 ft. to storage, 2 men high-pile. Improved 


Method - 1 mechanical high-piler. 


1 man builds pallet loads, 1 fork-lift truck 
transports 100 ft. Improved Method - 1 fork- 
lift truck transports 100 ft. 


Industrial Fork-Lift Truck, Palletized: 
1 fork-lift truck transports 100 ft. to 
storage. Improved Method - 1 fork-lift truck 


transports to apron and later to storage. 


1 man hand trucks 30 ft. to bank, 

1 industrial clamp truck transports 
80 ft. to storage. Improved Method - 
hydraulic stabilizer unit. 


-.50 0 1 Z 3 
REDUCTION IN COSTS. DOLLARS PER 1,000 BOXES. 


Figure 74.--Amount of reduction in labor and equipment costs for receiving 1,000 unpacked 
boxes of apples by use of specified methods and types of equipment. 
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REW 
EQUIPMENT AND METHOD SIZE 


Clamp-Type__2-Wheel Hand Truck: 3 men hand 


i ee a 
truck 100 ft. to storage, 4 men high-pile. 
Belt Conveyor and Hand Truck: 2 men place 
boxes on conveyor, 2 men transfer boxes from 10 


conveyor, 2 men hand truck 50 ft., 4 men high- 
pile. 


truck 20 ft. to chain, 2 men hand truck 8 
30 ft. from chain, 4 men high-pile. 
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conveyor, 2 men hand truck 50 ft., 4 men 
high-pile. 


Elevator and Hand Truck: 2 men hand truck 

30 ft. to bank, 3 men hand truck 30 ft. from 

bank to elevator, ride elevator and hand truck 9 
30 ft. from bank, 2 men hand truck 50 ft. to 


storage, 2 men high-pile. 


1 man builds pallet loads, 1 fork-lift truck 2 
transports 100 ft. to storage. 


Industrial Fork-Lift Truck, Palletized: Fork- 


lift truck transports 80 ft. to storage, 2 
1 road-truck driver waits. 


Truck: 1 man hand trucks 30 ft. to bank, y) 


1 industrial clamp truck transports 100 ft. 
to storage. 
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ELAPSED TIME IN MINUTES 


Figure 75.--Elapsed times required to receive one road truck load of 288 unpacked boxes 
of apples by use of specified methods and types of equipment before improvements were 
made. 


Clamp-Type__2-Whee]_ Hand Truck: 3 men 


hand truck 100 ft., 1 mechanical high- 
piler. 


Belt Conveyor and Hand Truck: 2 men 
place boxes on conveyor, 2 men transfer 
boxes from conveyor, 2 men hand truck 


50 ft., 1 mechanical high-piler. 


Floor Chain Conveyor and Hand Truck: 
hand truck 30 ft. from chain, 1 mechanical 
high-piler. 


on conveyor, 2 men hand truck 50 ft., 
1 mechanical high-piler. 


Elevator and Hand Truck: 2 men hand truck 
30 ft. to bank, 3 men hand truck 30 ft. 
from bank to elevator, ride elevator, and 
hand truck 30 ft. from elevator to bank, 
2 men hand truck 50 ft. to storage, 


1 mechanical high-piler. 


Industrial Fork-Lift Truck, Palletized: 
Fork-lift truck transports to apron and 
later 100 ft. to storage. 1 road-truck 


driver waits. 


truck transports 100 ft. to storage. 


1 road-truck driver waits. 


0 
ELAPSED TIME IN MINUTES 


1/ Time to unload truck and place pallet loads 


on apron. 


Figure 76.--Elapsed time required to receive one road truck load of 288 unpacked boxes 
of apples by use of specified methods and types of equipment after improvements were 


made. 
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CREW 
EQUIPMENT AND METHOD S1Z€ 
ee eee nee erento euch’ a men hand Us 2% eon 
truck 100 ft., 4 men high-pile or 1 mechanical Waa : ITIL P 
4 WZ Utd 


high-piler. 


Dorocvansocnvever, 2 nen evensfer boxes from 10 Ss atoUe — 
conveyor, 2 men hand truck 50 ft., 4 men high- Vii //5.,800 Vl 
pile or 1 mechanical high-piler. 


Floor Chain Conveyor and Hand Truck: 2 men 


a cs ce cae es ce ee wes ce ce a oe ek ee ee oe 


hand truck 20 ft. to chain, 2 men hand truck 
30 ft. from chain, 4 men high-pile or 


1 mechanical high-piler. 


Belt Conveyor, Stackmaker, Floor Chain Con- 


Sas ur —_ 


conveyor, 2 men hand truck 50 ft., 4 men 


high-pile or 1 mechanical high-piler. 


Elevator and Hand Truck: 2 men hand truck 

30 ft. to bank, 3 men hand truck 30 ft. from 

bank to elevator, ride elevator, and hand 9 
truck 30 ft. from elevator to bank, 2 men 

hand truck 50 ft. to storage, 2 men high-pile 


or 1 mechanical high-piler. 


Industrial ForkeLift Truck: 1 road-truck 


driver, transports 100 ft. to storage. Road- 2 

truck driver builds unit load unpalletized. 9 | 8000 ~&Y 
Unit loads moved directly to storage, WILLIE ———— 
palletized. Unit loads moved to apron to 2 ChGGE\\WWY”™ / 


storage, palletized. 


transports 30 ft. to bank, 1 industrial 
clamp truck transports 80 ft. to storage, or 


, 


hydraulic stabilized unit, 1 industrial 


clamp truck transports 100 ft. to storage. 


9 ,'000 6,000 


| COMMON METHOD NUMBER OF BOXES UNLOADED 


ae 
UGA. erovied (METHOD PER CREW PER 8 HOUR DAY. 


1/ Based on 13 minutes elapsed time per truckload to unload and place in storage. 


Figure 77.--Volumes of unpacked boxes of apples that can be received from road trucks 
per crew of specified size during an 8-hour day by use of specified methods and 
types of equipment. (Assumed 5 minutes between road trucks). 
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uniform in the amount of fruit that can be received daily, ranging from 
approximately 4,000 to 6,300 boxes. 


Of equal importance is the volume of fruit that can be received per 
worker during an 8-hour day by use of various methods and types of equip- 
ment. These data are shown in figure 78. With the smaller crew, there 
is less interference among the crew members and less delay. The smaller 
crew also serves the industry better because of the decreasing labor 


supply. 


Comparisons of Selected Methods and Types of Equipment 


for Receiving from Orchard Trailers 


Comparative Labor and Equipment Costs 


The decision as to whether fruit will be hauled to the warehouse on 
trailers or road trucks depends largely on the transportation distance 
involved. There are, of course, a number of different methods of receiv- 
ing the fruit from orchard trailers by use of various types of materials- 
handling equipment. The older, more widely used methods (shown as method 
No. 1 under each equipment category in table 61), show total labor and 
equipment costs, at current wage rates, ranging from $3.58 tc $20.14 per 
1,000 boxes received. These costs usually are higher than those when 
fruit is received by road trucks, because the unit load on the trailer is 
smaller, increasing the amount of setup and cleanup time per 1,000 boxes. 
Also, more hand labor is involved, especially in those plants using equip- 
ment for which the unit loads must be stacked by hand before transporting 
to storage. 28/ In belt conveyor and hand truck plants, a slight increase 
in labor is necessary to unload the trailer where all of the boxes are at 
a low level requiring the workers to do more lifting. Labor and equipment 
cost data on these methods are presented by graph in figure 79. 


In the conventional plants, improved methods (shown as method No. 2 
under each equipment category in table 61) made use of the mechanical 
high-piler. In the plants using industrial trucks, the improved methods 
used the most efficient methods of palletizing the fruit and the elimina- 
tion of hand stacking with the industrial-clamp truck. 


Improved methods of receiving fruit from orchard trailers reduced the 
costs per 1,000 boxes for receiving apples except that complete palletiza- 
tion of trailer loads and the building of 6-high stacks by use of an 


28/ Some handling of boxes is avoided in the orchard when fruit is 
hauled on trailers, thereby changing the relationship of the total work 
when hauling on trailers compared with road trucks. 
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EQUIPMENT ANO METHOD 


port 100 ft. to storage, 4 men high-pile, or 
1 mechanical high-piler. 


on conveyor, 2 men transfer boxes from conveyor, 


2 men transport 50 ft., 4 men high-pile or 
1 mechanical high-piler. 


transport 20 ft. to chain, 2 men hand truck 
30 ft. from chain, 4 men high-pile or 
1 mechanical high-piler. 


conveyor, 2 men transport 50 ft., 4 men high- 


pile or 1 mechanical high-piler. 


Elevator and Hand Truck: 2 men hand truck 


30 ft. to bank, 3 men hand truck 30 ft. from 


bank to elevator, ride elevator, and transport 


30 ft. to storage, 2 men high-pile or 
1 mechanical high-piler. 


Industrial Fork-Lift Truck: 1 road-truck 
driver, transports 100 ft. to storage. Road- 
truck driver builds unit load unpalletized. 
Unit loads moved directly to storage, 
palletized. Unit loads moved to apron to 


storage, palletized. 


transports 30 ft. to bank, 1 industrial 
clamp truck transports 80 ft. to storage or 
hydraulic stabilized unit, 1 industrial 
clamp truck transports 100 ft. to storage. 


| | COMMON METHOD 
Uff, IMPROVED METHOD 
(A, 


NN 
\ 


Figure 78.--Volumes of unpacked boxes of apples 
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NUMBER OF BOXES UNLOADED PER 
RECEIVING WORKER PER 8 HOUR 
DAY. 


that can be received from road trucks per 


worker during an 8-hour day by use of specified methods and types of equipment. 


mig ek 


industrial-clamp truck increased costs. The industrial-clamp truck method 
increased the labor cost because the tractor driver was standing by while 
the industrial-clamp truck tiered the stacks on the trailers to 6 high. 
This may not be an important disadvantage since the elapsed time to receive 
by this method was reduced and the fruit was handled more gently when 
tiered 6 high by the clamp-type lift trucks. 


Reductions in costs per 1,000 boxes ranged from $0.76 to $1.54 (fig. 80). 
In the industrial truck plants no saving resulted. To the contrary, fruit 


feble 61.--Comparetive lebor nd enuinment costs for unlo-ding from orchsre treilers snd moving to storage 1,000 unnecked boxee of envlern by uce of specified 
methoda end types of eouinment L/ 


Labor end equinment revuired Labor and equipment costs 


bor cost:Totel coet:Totel cost 
current : current : assumed 


ratee 3/ rates 3 ratee 4/ 


Dollars lollers Dollars 


Total |=Zouipmen 
lebor ,cost 2/ ; 


en-houre Man-heurs 


Tyve of eonioment and method Wait 


time 


Eavipment 
time 


jachine-hour 


: “Elapsed 
(Workers’ tine 


mber : Houre Dollars 


Clamp-type 2-wheel hend trucks? 1 worker builda 6-hieh etecks from H 3 
%high etecke, 2 workers hand-truck 100 feet from trailer end H 
release in storege: f] H 
1. ¢ workers menvelly high-pile--1?-hex high stacks a 5 
2. 1 worker end mechanical lift high-pile--1?-box high stacks 5/ 


7] 


Belt conveyors and clemp-tyve 2-wheel hand trucks: 1 worker on 
trailer placee boxe3 on conveyor, 1 worker removes boxes from 3 
conveyor and builds 6-hnigh stacka. 1 worker hand-trucks 50 feet t 
and releeses in storage; : 

1. 2 workere monually high-pile--1l?-box high stecke : 
2. 1 worker ond mechanical lift high-pile--i7-box high stecks 5/ ;: 


Ree 


Floor chein conveyors and clemp-type 2=«heel hend trucke: 1 worker : : 
builds high eatecke from 27-hizh stacks, 2 worker hend-trucks A : 
etecke 20 feet end relesses on conveyor, 1 worker hand-trucke ry $ 
30 feet from conveyor and releaees stacks in etorage; : 

1. 2 workers manually high-pile--12-box high stecke $5 
2. 1 worker end mechanical lift high-pile--l2-box high stacke 5/ ;: 


1?.17 
10.65 


14,76 


12.25 


Bro 
Ne} 


an 
oa 
~ 
i) 


Belt conveyor, stackmeker, fluor chain conveyor, and clamp-type : : 
2-wheel band trucks: 1 worker on tralier places boxes on belt i 


conveyor, ftaciaaker builds 6-high etecks and releesee on floor ui 
chein conveyor, 1 worker hand-trucks 59 feet and releases in : : 
storeze; 3 
1. 2 workers manually high-vile--l2-box high stacks 2 4 3 
2. 1 workar end mechenicel lift high-vile--12-box high etecka 5/ z 


2.02 :11/ 10.10 


12.12 


8.08 AT-51 


15.87 


an 
Ly) 
° 


Blevetor and clemp-type 2-wheel hend tracks: 1 worker builde 6-high 
Stacks ‘from 7-high stecke, 1 worker hsand-trucks stacke 30 feet to 
bank et elevetor; 2 workers hend-truck stacks 30 feet from benk into: H 
elevator, ride elevetor, end hand-truck stacks 30 feet from 7 
elevator to bank, 2 
in storage; 13/ 

1. 2 workers manually high-pile-- 
2. 1 worker end mechanicel lift high-pile—l2-box high stecks &/ 


workers hend-truck etecks 60 feet and releese : 


P=-box high etacke eo3 


10.29: 


12.23 
11.76 1.7 


-$3 15.21 
gan 


Unpelletized loads; 1 worker builds 48-box pallet loads on apron, 
1. 1 worker end fork-lift truck treusporte pallet loads 109 feet, 
stacks 3-high (18 boxes) Te: : 

Palletized loads; : : 
1. Partially palletized loads--1 worker completes 4@-box pellet : 


H 
Industrial fork-lift truck and pallete: : 


-00 00 2.48 


pallet loade 100 feet and stacks thigh (1€ boxes) 


2. 


: 
Hy 
Indvetriel clamp-type lift truck: (16-box capeeity--unpecked fruit) : 
1 worker on treiler bed builds 6-high etacke from 7-high etacks,: 


1. 


1 worker and industrial clamp truck traneports 36-box unit lordcs 
100 fect end stacks 2-high (12 boxes) 

l worker and industrial clemp truck builde 6-high etecks fron 
3-high stacks on trailer bed, transports 36-box unit loeds 100 : 
feet and etacks 2-high (12 boxes), 1 worker mostly weits : 2 


2. 


Completely palletized losds-~(eneciel trailer) \0-box pellet : 
loeds on trailer, 1 worker and fork-lift truck transporte 100 t 
feet and etacks thigh (15 boxes) 


trenaportetion distence. 
2/ Equipment costs computed from data on ownership end operating coets shown in table 2. 
"Current" labor costs commuted from wage retes of $1.15 per hour for unakilled labor end $1.30 per hour for eemiskilled labor (key workere such as 


indu 


hour: 


tote 


strial truck operators). 
uy 

zy Clamp-type 2-wheel 
J/ Cloenp-type 2-heel 
8/ Clemp-type 2-whocl 
9/ Clamp-type ?-wheel 
10/ Clamp-type 2-wheel 
8. 

11/ Clamp-type 2-wheel 
1 10.10 mechine-houra. 


loads on trailer bed, 1 worker and fork-lift truck transperts : : 


Except asa otherwise noted, all transportation dietances ere 


hand 
hand 
hand 
hand 
hand 


hand 


Clemp-type 2-vheel hand truck, 15 foot gravity roller 


1.11: 


-00 


3.81 


4.20 


bu 


w 
rn 
nN 


61 :16/ 


~ 
fo] 
an 


2.06 


:1/ 


100 feet. 


99 2.52 


standardized at By une of conveyor methods, conveyor accounts for 50 feet of 


Assumed lebor cosets computed frem wage rates of $1.40 ner hur for unskilled lebor end $1.65 per hour for semiskilied lebor. 
Cost data for mechenical high-piling covers uee of one 2-stack portable lift. 


truck 2.92 machine-hours, mechanical lift 1.46 machine-hours, total 4.78 mechine-hours. 

truck, 15 foot grrvity roller conveyor and 100 foot belt conveyor 1.92 machine-hours each, total 5.76 mechine-hours. 

truck, 15 foot gravity roller convayor, 100 foot belt conveyor, and mechenicel lift 1.92 mechine-hours each, totel 7.68 mechine-hours. 
truck 3.50 aachine-houre, 100 foot floor chain conveyor 1.7§ machine-hours, total 5.25 machine-hours. 

truck 3.32 machine-hours, 100 fost floor chein conveyor 1,66 machine-hours, mechanical Uist 1.66 mechine-hours, totel 6.64 machine- 
truck, 15 foct gravity roller 


conveyor, 50 foot belt conveyor, stackmaker and 50 foot floor chein conveyor 2.02 machine-hours each, 


conveyor, 50 font belt conveyor, stackmaer, 50 foot flocr chein conveyor, and mechanical lift 


2.02 machine-houre each, total 12.12 machine-houre. 
13/ Fifty feet additional transportation distance is neceessry to m-ve 6-nigh stecks of boxes 100 feet becauce of tro temporary bonks which increese hend 


truc 


k distance. 
Wy 


Vertical transportation disetsnce is not included. 
Clemp-type 2-wheel hand truck §.£2 machine-hours, 8,090-nround capacity elevator 1.47 machine-hourr, total 10.29 machine-hours. 
Clamp-type 2-wheel hend truck &.&2 machine-hours, 6,000-nound capacity elevotor 1.47 machine-houre. mechanical lift 1.47 mechine hours, totel 11.76 mechine— 


For equinment time coe treble 54. 
For equipment timo sas table 59. 
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EQUIPMENT AND METHOD 


Clamp-Type__2-Wheel_ Hand Truck: 1 man builds 


stacks, 2 men hand truck 100 ft., 2 men high- 
pile. 


boxes on conveyor, 1 man transfers boxes from 
conveyor, 1 man hand trucks 50 ft., 2 men high- 
pile. 


builds stacks, 1 man hand trucks 20 ft. to 
chain, 1 man hand trucks 30 ft. from chain, 


2 men high-pile. 


veyor, 1 man hand trucks 50 ft., 2 men high- 
pile. 


Elevator _and Hand Truck: 1 man builds stacks, 
1 man hand trucks 30 ft. to bank, 3 men hand 
truck 30 ft. from bank to elevator, ride 
elevator, and hand truck 30 ft. to bank, 

2 men hand truck 60 ft. to storage, 2 men 


high-pile. 


1 man builds unit load on pallets from orchard 
trailer, 1 man transports 100 ft. 


Industrial Fork-Lift Truck, Palletized: 1 man 


builds unit load on pallets on orchard 
trailer, 1 man transports 100 ft. 


unit loads on the orchard trailer, 1 man 
transports 100 ft. 


LABOR COST | Ky EQUIPMENT COST 


20 
DOLLARS PER 1,000 BoOxES 


Figure 79.--Labor and equipment costs per 1,000 unpacked boxes of apples for receiving 
from orchard trailers and high-piling or tiering by use of specified methods and 


types of equipment. 


EQUIPMENT AND METHOD 


Clamp-Type__2-Wheel Hand Truck: 1 man builds stacks, 
2 men hand truck 100 ft., 2 men high-pile. Improved 
Method - 1 mechanical high-piler. 


conveyor, 1 man transfers boxes from conveyor, 1 man 
hand trucks 50 ft., 2 men high-pile. Improved Method 
1 mechanical high-piler. 


Floor Chain Conveyor and Hand Truck: 1 man builds 
stacks, 1 man hand trucks 20 ft to chain, 1 man hand 
trucks 30 ft. from chain, 2 men high-pile. Improved 


Method - 1 mechanical high-piler. 


Hand Truck: 1 man places boxes on conveyor, 1 man 
hand trucks 50 ft., 2 men high-pile. Improved 
Method - 1 mechanical high-piler. 


Elevator and Hand Truck: 1 man builds stack, 1 man 
hand trucks 30 ft. to bank, 3 men hand truck 30 ft. 
from bank to elevator, ride elevator, and hand truck 
30 ft. to bank, 2 men hand truck 60 ft. to storage, 
2 men high-pile. Improved Method - 1 mechanical high- 


piler. 


builds unit loads. Improved Method - completely 
palletized. 


1 man builds unit loads. Improved Method - 
completely palletized. 


loads on trailer, 1 man transports 100 ft. Improved 
Method - 6-high stacks built by worker using 
industrial truck. 
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CoST SAVING IN DOLLARS FOR 
UNLOADING BY IMPROVED 
METHODS (PER 1,000 BOxES) 
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Figure 80.--Amount of reduction in labor and equipment costs for receiving 1,000 unpacked 
boxes of apples by use of specified methods and types of equipment. 
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was received from the trailers at an additional cost of $0.30 per 1,000 
boxes in the fork-lift truck plants and $0.93 per 1,000 boxes in the clamp- 
truck plants. These increases resulted because longer use was made of the 
machine. If it were assumed that the industrial truck was already available 
and that the improvement consisted of using it more fully, no added capi- 
tal charge should be made for the improved operation. In that event, the 
improved method would show no increase in equipment costs, nor would an 
increase in labor cost be shown if the idle time of tr: trailer driver was 
not included as a cost figure. 


Comparative Rates of Receiving 


As shown in figure 81, there were no appreciable differences in the 
elapsed times required to receive fruit by use of the two methods listed 
under each equipment category, except in the case of completely unpalletized 
loads received in plants using fork-lift trucks. 


The quantity of fruit received per crew from orchard trailers by use of 
different methods did not vary greatly. The relationship between methods 
is shown in figure 82. 


The advantages of the improvements are found in the reduction of one 
in number of workers needed on the receiving crew in all of the improve- 
ments except those using industrial equipment. By use of industrial trucks 
an increased quantity of fruit was handled by the same size crew. There- 
fore,all of the improved methods increased the quantity of fruit handled 
per receiving worker. This greater efficiency in the use of labor is 
desirable, not only from the standpoint of reducing costs, but also in 
increasing the ease of supervising receiving operations (fig. 83). 


Comparative Costs of Receiving by Various Methods When 
Orchard-Handling Costs Are Added 


Receiving operations at apple storage and packing plants ordinarily 
are considered to cover only the work carried on at the plant. Actually, 
additional time and labor may be required in arranging the load in the 
orchard so that it could be received by certain methods at the plant. 
Thus, the receiving of apples from road trucks by use of 2-wheel hand 
trucks required 4.19 man-hours per 1,000 boxes, but when the orchard- 
handling operations were included, 5.77 man-hours of labor were added, 
making the total 9.96 man-hours (table 62). 


When the orchard phases of the receiving cycle are added, the elapsed 
time required to handle 1,000 boxes of apples is increased about three 
times, regardless of the method used, and all of the costs are about 
doubled or more than doubled except for the belt-conveyor-hand-truck 
operation, and the floor-chain-conveyor-hand-truck operation. 
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EQUIPMENT ANDO “METHOD 


stacks, 2 men hand truck 100 ft., 2 men high- 
pile or 1 mechanical high-piler. 


Belt Conveyor _and Hand Truck: 1 man places 
boxes on conveyor, 1 man transfers boxes from 
conveyor, 1 man hand trucks 50 ft., 2 men 


high-pile or 1 mechanical high-piler. 


Floor Chain Conveyor and Hand Truck: 1 man 
builds stacks, 1 man hand trucks 20 ft. to 
chain, 1 man hand trucks 30 ft. from chain, 


2 men high-pile or 1 mechanical high-piler. 


Belt Conveyor, Stackmaker, Floor Chain Con- 


conveyor, 1 man hand trucks 50 ft., 2 men 
high-pile or 1 mechanical high-piler. 


Elevator and Hand Truck: 1 man builds stack, 
1 man hand trucks 30 ft. to bank, 3 men hand 
truck 30 ft. from bank to elevator, ride 
elevator, and hand truck 30 ft. to bank, 

2 men hand truck 60 ft. to storage, 2 men 


high-pile or 1 mechanical high-piler. 


Industrial Fork-Lift Truck and Pallet: 

1 tractor operator, transports 100 ft. to 
storage. Tractor operator builds unit loads, 
unpalletized. Tractor operator builds unit 
loads, partly palletized. Tractor operator 


waits, palletized. 


builds unit loads. Industrial truck trans- 
ports 100 ft. the 6-high stacks built by 


worker using industrial truck. 


COMMON METHOD 


ea case al 
Vi {iji74 \MPROVED METHOD 


CREW 
SIZE 


5 


ho 


WLLL LLL 


MINUTES PER ROAD TRUCK 
EQUIVALENT 


Figure 81.--Elapsed time per road truck equivalent by common and improved methods to 
unload from orchard trailers, move boxes to storage and tier by use of specified 
types and combinations of types of materials-handling equipment. 
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stacks, 2 men hand truck 100 ft., 2 men high- 
pile or 1 mechanical high-piler. 


Belt Conveyor and Hand Truck: 1 man places 
boxes on conveyor, 1 man transfers boxes from 
conveyor, 1 man hand trucks 50 ft., 2 men 


high-pile or 1 mechanical high-piler. 


Floor Chain Conveyor and Hand Truck: 1 man 
builds stacks, 1 man hand trucks 20 ft. to 
chain, 1 man hand trucks 30 ft. from chain, 


2 men high-pile or 1 mechanical high-piler. 


Belt Conveyor, Stackmaker, Floor Chain Con- 


conveyor, 1 man hand trucks 50 ft., 2 men 
high-pile or 1 mechanical high-piler. 


Elevator and Hand Truck: 1 man builds stack, 
1 man hand trucks 30 ft. to bank, 3 men hand 
truck 30 ft. from bank to elevator, ride 
elevator, and hand truck 30 ft. to bank, 

2 men hand truck 60 ft. to storage, 2 men 


high-pile or 1 mechanical high-piler. 


Industrial Fork-Lift Truck and Pallet: 

l tractor operator, transports 100 ft. to 
storage. Tractor operator builds unit loads, 
unpalletized. Tractor operator builds unit 
loads, partly palletized. Tractor operator 


waits, palletized. 


builds unit loads. Industrial truck trans- 
ports 100 ft. the 6-high stacks built by 
worker using industrial truck. 


COMMON METHOD 


ioe 
Vi iiii74 \MPROVED METHOD 
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Figure 82.--Volumes of unpacked boxes of apples that can be received from orchard 
trailers per crew of specified size during an 8-hour day by use of specified 
methods and types of equipment. (An allowance of 5 minutes was made for each 


equivalent road truckload of 288 boxes.) 


Hand Truck: 1 man builds 


stacks, 2 men hand truck 100 ft., 2 men high- 
pile or 1 mechanical high-piler. 


Belt Conveyor and Hand Truck: 1 man places 
boxes on conveyor, 1 man transfers boxes from 
conveyor, 1 man hand trucks 50 ft., 2 men high- 


pile or 1 mechanical high-piler. 


Floor Chain Conveyor and Hand Truck: 1 man 
builds stacks, 1 man hand trucks 20 ft. to 
chain, 1 man hand trucks 30 ft. from chain, 


2 men high-pile or 1 mechanical high-piler. 


Belt Conveyor, Stackmaker, Floor Chain Con- 


veyor_and Hand Truck: 1 man places boxes on 


conveyor, 1 man hand trucks 50 ft., 2 men 
high-pile or 1 mechanical high-piler. 


Elevator _and Hand Truck: 1 man builds stack, 
1 man hand trucks 30 ft. to bank, 3 men hand 
truck 30 ft. from bank to elevator, ride 
elevator, and hand truck 30 ft. to bank, 

2 men hand truck 60 ft. to storage, 2 men 


high-pile or 1 mechanical high-piler. 


Industrial Fork-Lift Truck and Pallet: 

1 tractor operator, transports 100 ft. to 
storage. Tractor operator builds unit loads, 
unpalletized. Tractor operator builds unit 
loads, partly palletized. Tractor operator 


waits, palletized. 
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unit loads. Industrial truck transports 
100 ft. the 6-high stacks built by worker 
using industrial truck. 


COMMON METHOD 
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Figure 83.--Volumes per worker of unpacked boxes of apples that can be received from orchard 
trailers during an 8-hour day by use of specified methods and types of equipment. 
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Table 62,--Comperative elapsed tine, labor requirements, and labor and equipment costs, for assembling and loading onto road trucks ia 
the orchard, and unloading and moving to storage at the plant, 1,000 unpacked boxes of apples, by use of specified 
methods and types of equipment 1/ 


: t t : 
Labor and equipment coste 


Plan’ Belt conveyors and cl type _2-wheel hand trucks; 
2 workers on road truck place boxes on conveyor, 2 
workers remove boxes and build 6-high stacks, 2 workers 
hand-truck 50 feet and release in storage, 1 worker 
mechanically high-piles 6/ 


: : : t anes a 
: :Elapsed,;Labor re- ; + Lebor at :Total coste: Total coste 
Type of equipment and method reseer ay ee 2/iquirenents ;bquipment, current : current 3 assumed 
3 i : 4 iwage rates 4 twage rates : wage rates 
:Number : Hours ; Man-hours i: Dollars = Dollare. Dollars Dollars 
: H t 
Orchard: 2 workers ateck boxes on edge of trailer and : : 2 z 
slide stacks into position, unload on orchard platform. : : : 3 
Stacks built 6-boxesa high on trailer and hand-trucked to ; : : : 
platform. Later hand-trucked to road truck : 2? : 2.66: 5.77 2 0.06 6.64 6.70 8.14 
Plent: Clamp-tyne 2-wheel hend trucke; 3 workers hand- t : : : 
truck 6-high stacks 100 feet and release in storage, : 3 : H 
1 worker mechanically high-piles 6/ 4 ; 1.05: 4.19 3 -70 4.82 5.52 Sy 
H : 3 
Total : 6 : 3.91 9.96 : 0.76 11.46 12.22 14.72 
t t F 
Orchard: ? workers stack boxes on edge of trailer and fy : Hy 
slide stacks into position, unloed on orchard platforn. t : t 
Stecke built 6-high on trailer and hand-trucked to plat- : : : 
form. Later hand-trucked to road trucks 12 1 2.86 Sra at 0.06 6.64 6.70 8.14 
t Yi 
: r 


Total 


1.59 14.77 16.36 19.57 


Orchard: 2 workers stack boxee on edge of trailer and 
slide stecke into position, unlosd on orchard platform. 
Stacks built 6-high on trailer and hand-trucked to plat- 
form. Later hand-trucked to road trucks 

Plant; Floor chain conveyors and clamp-type 2-wheel hand 
trucks; 2 workers hand-truck 6-high stacks 20 feet from 
road truck release on conveyor, 2 workers hand-truck 30 
feet from conveyor and relesces in storsse, 1 worker 
mechanically high-pilee 6/ 


0.06 6.64 6.70 8.14 


To al 


slide etacks into position. unload on orchard platform. 
Stacke built 6-high on trailer and hand-trucked to plat- 
form. Stacks hand-trucked onto pallets on road truck and 
pallet loads tightened by use of box jack 
Plant; Industrial fork-lift truck and pallets; 1 worker 
end fork-lift truck unlosds 48-box pallet loads to apron 
(treneparts 10 feet), later transports 100 feet apron to 
storage and stacke loads 3-high (18 boxes). 1 worker 
noetly waite. 7/ 


t 
H 

Orchard: 2 workers stack boxes on edge of trailer and ’ 
: 0.22 8.46 8.68 10.51 
Hy 


Total 


2.97 9.66 12.63 14.70 


t . 
3 t 
3 H 
Orchard: 2 workers stack boxes on edge of trailer and i] t 
slide stacks into position, unload on orchard pletforn. t t 
Stacke built 6-boxe® high on trailer and hand-trucked to ; : 
platform. Leter hand-trucked to road truck : 2 : 2.86 0.06 6. 64 6.70 8.14 
Plant; Industrial clamp-type lift truck (2-box capacity);: : 
road truck bed stabilized by use of hydravlic unit, 1 H H 
worker and industrial clamp truck transports ?4-box unit 1 3 
loade 100 feet from road truck bed to storage and atack +1 3 
2-high (12 boxes). One worker mostly waits. : $1 
3 : 
Total 7 4 s 41 8.33 3.20 9.77 12.97 15.05 
H H 3 H 
i Except as otherwise noted, all transportation dietancen in plant standardized at 100 feet. By use of conveyor methoda, conveyor 
eccounte for 50 feet of transportation distance. Costs of orchard handling operations are from unpublished data supplied by the Washington 
State Apple Commisaion. 
Does not include time road truck is in transit. 
Equipment coste computed from deta on ownership and operating cosets shown in table 2. 
"Current" labor costs computed from wage rates of $1.15 per hour for unskilled labor and $1.30 per hour for semiskilled labor. 
Assumed labor costes computed from wage rates of $1.40 per hour for unskilled labor and $1.55 per hour for semiskilled labor. 
Cost data for mechanicel high-piling covers use of one 2-stack portable lift. 
Ten feet additional transportation distance is necessery to move pallet lmde 100 feet becauee of unloading to apron. 
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The use of industrial trucks for receiving fruit at the warehouse shows 
definite advantages over the use of older and more conventional types of 
equipment. However, when the cost of orchard operations is included some 
of these advantages are lost. The orchard cycle of operation increased 
the total labor time when receiving at the warehouse by use of pallets and 
fork-lift truck, but the clamp-type lift truck required the same orchard 
work as the more conventional warehouse receiving equipment. It is partic- 
ularly significant that when the costs of orchard-handling operations, 
including the palletization of loads, is added to the costs of receiving 
by use of industrial fork-lift trucks and pallets, total costs exceed the 
costs when 2-wheel hand trucks alone are used. 


A comparison of the costs of receiving apples on road trucks and on 
orchard trailers when orchard-handling costs are added is shown for various 
methods in figure 84. 
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METHODS AND EQUIPMENT FOR UNLOADING AND MOVING 
APPLES DIRECTLY TO THE PACKING LINE 


Most Washington State apples are first moved into cold storage before 
going to the packing line and the trend continues in that direction. 
Physiologically it is desirable to move apples into cold storage before 
packing to remove the field heat from the fruit. Research results show 
that precooled fruit has less tendency to develop decay. These advantages 
of first moving fruit into storage must be weighed against the added ex- 
pense involved as compared with that of moving the fruit directly to the 
packing line. 


Orchard-packing plants can move fruit directly to the packing line 
before it goes into cold storage more successfully than the larger plants, 
because they can schedule the flow of fruit from the orchard better. There 
are, however, many large plants, particularly in the northern part of the 
State, with sufficient packing equipment to receive a larger proportion of 
their fruit directly to the packing line for packing "hot." This practice 
not only keeps costs at a minimum but permits economies in the use of stor- 
age space, since large early shipments can be made, enabling the plant to 
handle a greater tonnage of fruit. 


For most types of equipment, the operations involved in unloading 
apples and moving them directly to the packing line are similar to those 
involved in moving the fruit to storage. The main difference is that when 
the fruit is moved directly to the packing line it usually is placed ina 
temporary bank of supply rather than in permanent storage. When the belt 
conveyor is used to receive directly to the packing line a temporary bank 
of supply may be built by hand truckers before the fruit is placed on the 
conveyor, or the road truck may be unloaded to a belt conveyor in the 
usual manner and the boxes taken off the belt and placed in temporary 
storage. Boxes of fruit are moved from the temporary storage banks to the 
dumper as they are needed. 


One of the important advantages of moving fruit directly to the packing 
line is that it reduces the number of handlings, thereby reducing handling 
costs. Fewer handlings tend to preserve the quality of the fruit. Ina 
belt-conveyor plant three handlings are involved when the apples are moved 
directly to the packing line, as compared with eight handlings by the pre- 
ies 6 oe of moving them into and out of storage before packing 
fig. 05). 


In moving fruit to the packing line, the pattern of work is governed 
considerably by the fact that packing lines utilize fruit at a relatively 
slow rate. For this report a packing line rate of 300 boxes an hour has 
been assumed. Since boxes of fruit can be hand trucked or placed on a 
belt conveyor at more rapid rates than they can be dumped, workers perform- 
ing handling operations either must slow down the rate of their operations 
or wait for the dumper to catch up. The effect of these delays may be 
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offset by use of temporary banks of supply or by other devices which 
intermittently provide the worker with odd jobs. 


For this cycle of operations it is assumed that the average transportation 
distance is 70 feet from the road truck or orchard trailer to the dumper at 
the beginning of the packing line. 


Except for unloading from orchard trailers, using clamp-type 2-wheel 
hand trucks, gravity roller-type conveyors, and industrial fork-lift 
trucks and pallets, this section is confined to unloading from road trucks. 


Clamp-Type 2-Wheel Hand Truck Alone 


The most widely used method of unloading and moving fruit directly to 
the packing line involves the use of clamp-type 2-wheel hand trucks--a ; 
method that maintains unit loads intact. In nearly all plants the transpor- 
tation distance between the receiving platform and that part of the plant in 
which the washing and packing line is housed is relatively short. Although 
this cycle of operations is used in a number of plants, receiving directly 
to the line by use of hand trucks is more common in orchard type or smaller 
packing plants. 


Sometimes the operations of moving fruit to the packing line with hand 
trucks are combined with other work such as moving empty boxes away from 
the dumping area, utilizing some of the extra time of the hand trucker. 

The use of hand trucks to receive directly to the line is varied by changes 
in crew size and arrangement. 29/ Some of the small plants use only one 
worker for receiving fruit directly to the line. The larger plants nearly 
always use more workers in the crew to reduce the elapsed time required 
for unloading. 


Unloading from Road Trucks and Moving 
to the Packing Line 


Two workers unload a road truck by use of 2-wheel hand trucks. After 
putting a bridgeplate in place, the hand truckers pick up 6-high stacks of 
boxes on the road truck bed and release the stacks in a temporary storage 
area approximately 50 feet from the road truck. A third worker moves the 
fruit 20 feet from the temporary storage area to keep the dumper supplied. 
The work of the third worker must be coordinated closely with that of the 
dumper because a large bank of supply cannot be built within easy reach of 
the dumper. Since the dumper uses the fruit at a comparatively slow rate, 
this hand truck operator is idle a considerable part of the time. 


29/ The crew arrangement is related more to distance than to any other 
factor. For detail on the effect of distance, see the Appendix. 
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As shown in table 63, by use of a 3-man crew, 1,000 boxes of apples 
are received in 5.35 man-hours, but 44 percent of this is idle time. 
Nearly all of the idle time occurs because the worker supplying the dumper 
from the temporary bank is paced by the washing and packing line. Part of 
this idle time could be avoided if odd jobs were assigned to the worker, 
as is done in some plants. Thirty-eight percent of the labor is used for 
unloading the road truck in an elapsed time of 1.01 hours per 1,000 boxes 
(17-4 minutes per truck). Labor and equipment costs for this method are 
shown in the summary for this section. 


Table 63.--Labor required for a 3-man crew to unload and move 1,000 unpacked boxes of apples to 
the washing and packing line from a road truck by use of clamp-type 2-wheel hand trucks 


: sProductive: Fatigue : Wait  : Total 
prezetion jrorkers: labor ;:allowance: time : labor 
3 er : -hours Man-hours Man-hours Man-hours 


Set up and clean up : 2 > O12 0.0 0.0 0.12 
Pick up 6-high stacks on road truck by use : 
of hand trucks 2 
Transport 50 feet to bank by use of hand trucks: 2 
Release in bank : 2 
Pick up 6-high stacks in bank by use of hand : 
trucks 3 1 : 229 003 0 032 
Transport 20 feet by use of hand trucks 1 4 
1 


Release at dumper : 
Total man-hours Sa ee eh OS 627 2.33 5.35 
Elapsed time--hours : : 1/ 1.01 


1/ Truck unloading only. 


Unloading from Orchard Trailers and Moving 
to the Packing Line 


As previously pointed out, 2-wheel hand trucks are used more frequently 
to move fruit directly to the packing line when the packing house is in the 
orchard area. This practice coincides with circumstances under which or- 
chard trailers are more frequently being used to haul to the packing house. 


When fruit is hauled to the plant on trailers, the most widely used 
method of unloading and moving to the packing line employs a 4-man crew. 
One worker, usually the tractor driver, builds 6-high stacks from 3-high 
stacks on the trailer bed while two workers place a bridgeplate and begin 
hand trucking the stacks 50 feet to a temporary storage bank in the dumping 
area. The fourth worker moves the fruit 20 feet from the temporary storage 
area to the dumper. 


As shown in table 64, when fruit is moved directly to the packing line 
from trailers 7.01 man-hours of labor per 1,000 boxes are required, or 
1.66 man-hours more than when the fruit is moved from road trucks. The 
total amount of delay time in unloading from a trailer is 2.85 man-hours 


259298 O - 53 - 11 


= LO 


or 41 percent of the total labor, which is greater than when unloading 
from a road truck. Most of the delay, 79 percent, is due to the slow 
dumping rate. If the work arrangement in the plant permits, some of this 
lost time may be avoided by assigning odd jobs to the worker. 


Table 64.--Labor required for a 4-man crew to unload and move 1,000 unpacked boxes of apples to 
the washing and packing line from an orchard trailer by use of clamp-type 2-wheel hand trucks 


: sProductive: Fatigue; Wait: Total 
Operation ;Workers labor :sallowance: time =: labor 
:Number : Man-hours Man-hours Man-hours Man-hours 


Set up and clean up : 2 
One worker builds boxes into 6=high stacks a eL 
Pick up 6-high stacks off trailer bed by use 
of 2-wheel hand truck Ae cet 039 204 242 285 
Transport 50 feet by use of 2-wheel hand truck : 2 
Release in bank by use of 2wheel hand truck 2 
Pick up 6—high stacks in bank by use of 


2-wheel hand truck 3 SL) 2 03 20 232 
Transport 20 feet by use of 2-wheel hand truck : 1 : 245 205 20 50 
Release near dumper by use of 2-wheel hand : 3 

truck Pop mor! 224 O02 2.25 2.51 

Total man-hours pula ee SBA70 246 2.85 7.01 
Elapsed time--hours : : See Yrs 


1/ Truck unloading only. 


Gravity Roller-Type Conveyors 


Some plants that receive fruit directly to the packing line by use of 
clamp-type 2-wheel hand trucks might reduce handling costs by use of an 
improved method observed in one packing plant which employs four sections 
of gravity (dead) roller-type conveyors behind the dumper making up four 
separate conveyor lines (fig. 86). These conveyor sections were placed 
at an incline so that by gravity the boxes would roll to the dumper. The 
dumper picks up the boxes off the conveyor, turns, and dumps the apples 
into the washer. When he has emptied one 50-foot section of the dead 
roller he begins dumping from another. 


The standardized 70-foot transportation distance is reduced to 50 feet 
in this illustration. However, it is possible that the layout of the 
plant would permit using 70-foot sections of roller conveyor. The four 
50-foot sections of conveyors used provide enough conveyor space to accom- 
modate 1-1/3 to 1-3 trailer loads and approximately a full road truckload. 


By use of this method, one worker on the trailer places boxes on the 
conveyor sections. No other workers are used. In practice, a warehouse 
could use more than one worker to place fruit on the conveyors to reduce 
the elapsed unloading time. 


Figure 86.--Transferring boxes from an orchard trailer to gravity conveyors leading to 
the dumper. 


Table 65 shows that by use of the improved method, 1,000 boxes of 
apples can be moved to the washing and packing line from trailers with 
1.52 man-hours of labor. With the use of only one worker no delay time 
resulted, making this a highly efficient operation. Furthermore, the 
number of handlings was reduced, since the boxes were handled only ouce 
when they were lifted onto the conveyors. 


Table 65.--Labor required for 1 worker to unload and move 1,000 unpacked boxes of apples to the 
packing line from an orchard trailer by use of gravity roller conveyors 


: :Productive: Fatigue : Wait : Total 
Operation senses!) lebor allowance: time: labor 
3 er : Wan-hours Man-hours Man-hours Wan-hours 
Set up and clean up : 1 : 0.10 0.0 9.0 0.10 
One worker places boxes on gravity roller-type : e 
conveyors : 1 : 1.18 24 ) 1.42 
Total man-hours 2 i= ee Th) 224 Al) 1.52 


Elapsed time--hours : : Lez 


en mes 


Clamp-Type 2-Wheel Hand Truck and Belt Conveyor 


More Washington State apple plants are equipped with belt conveyors 
than any other type of equipment. The belt conveyor brings boxes of apples 
to the packing line one at a time which is convenient for hand dumping of 
fruit--the most common method of dumping fruit. By use of manual dumping, 
the only method used until the last few years, boxes of fruit were lifted 
one at a time. 


When fruit is being received to storage by use of belt conveyors the 
first operation is to place boxes of fruit on the belt. However, when 
apples are moved directly to the packing line the first operation is hand 
trucking the boxes to temporary storage a distance of approximately 30 feet 
from the road truck. Two workers usually do this. Later, one worker hand 
trucks the fruit approximately 10 feet from temporary storage area and 
places the boxes on the belt conveyor. A 3-man crew is used; one worker 
works rather continuously, the other two only during unloading. 


In moving the fruit to and from the bank of supply, 40 feet of 
transportation distance is covered. The remaining 30 feet of transporta- 
tion is on the belt conveyor. In practice, the distance on the belt 
conveyor may be much greater. Although this added distance would not 
affect the length of time to carry on the operations, it would affect the 
machine cost. 


Using the hand trucks and belt conveyor to unload and move fruit 
directly to the packing line requires 4.99 man-hours of labor per 1,000 
boxes (table 66). A little more than one-fourth of this labor is lost 


Table 66.--Labor required for a 3-man crew to unload and move 1,000 unpacked boxes of apples to 
the packing line from a road truck by use of clamp-type 2-wheel hand truck and belt conveyor 


: Productive: Fatigue; Wait: Total 


sciilemanias : foeeere 5 labor :allowance: time : labor 
:Number : Man-hours Man-hours Man-hours Man-hours 
Set up and clean up : 2a 0.12 0.0 0.0 0.12 
Pick up 6-high stacks on road truck bed by : 
use of 2-wheel hand trucks : 2s 259 204 -0 243 
Transport 30 feet to bank by use of 2-wheel : 
hand trucks 2 62 06 ell 719 
Release in bank by use of 2-wheel hand trucks 2 29 203 0 32 
Pick up 6=-high stacks in bank by use of 2-wheel: 
hand trucks A 1 229 03 0 32 
Transport 10 feet to belt conveyor Hoe! 228 203 0 31 
Release at conveyor by use of 2-wheel hand 
trucks 1 224 202 20 2 26 
Place boxes on belt conveyor ah 90 -18 1.36 2.44 
Total man-hours = 3.13 39 1.47 4.99 
Elapsed time-~hours 3 3 l/ .83 


1/ Truck unloading only. 
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when the man placing fruit on the belt must wait to keep pace with the 
packing line. It is possible that part of this wait time would be avoided 
if the transportation distance from the temporary storage to the belt con- 
veyor were greater, the transportation distance for the truck-unloading 
operation shorter, and the two unloaders were assigned to other work. The 
elapsed time required to unload by this method is 0.83 hour per 1,000 
boxes, less than by the other method. The worker placing fruit on the 
belt conveyor moves continuously at the pace of the machine which would 
require 3.33 hours to receive 1,000 boxes to the washing and packing line. 
Since the man supplying the dumper usually works on another floor level or 
at a distant point from the washing and packing line, the problem of uti- 
lizing his wait time is difficult. Most of the odd jobs are in the 
vicinity of the packing line. For this reason, the usual arrangement of 
the belt conveyor with roller extension going onto the road truck bed, 
allows the bank of supply to be in the dumper area which provides more 
opportunity for assigning work to the hand trucker supplying the dumper. 


Clamp-Type 2-Wheel Hand Trucks and Floor Chain Conveyor 


Floor chain conveyors in combination with 2-wheel hand trucks are used 
to move fruit directly to the packing line. The floor chain conveyor is 
installed as a means of feeding the mechanical stackdumper. Usually these 
floor chain conveyors are relatively short, approximately 15 feet. How- 
ever, there undoubtedly would be advantages to using a longer chain. The 
advantages of a longer conveyor are explored in the improved method in 
which it is assumed that 100 feet of floor chain conveyor is installed. 
From the standpoint of labor required the floor chain is a means of evening 
out the work load and of keeping pace with the packing line. 


3-Man Crew and 15-Foot Conveyor 


The most widely used method of receiving to the packing line by use 
of hand trucks and floor chain conveyor involves a total transportation 
distance of 70 feet. Forty-five feet of this distance is covered by two 
men hand trucking fruit to a temporary bank of supply. A third worker 
moves the fruit an additional 10 feet onto a 15-foot floor chain conveyor. 
(When the chain is nearly empty he transports the full distance of the 
chain conveyor.) After the two workers have unloaded the road truck into 
a bank of supply, they either move to other productive work or begin 
unloading a second road truck. 


By use of this method 5.25 man-hours of labor are required to receive 
1,000 boxes (table 67). Nearly one-half of this labor is lost through 
waiting, due almost entirely to delays in moving fruit from the temporary 
bank of supply to the floor chain conveyor. It is possible that assign- 
ment of odd jobs to this worker would reduce the wait time. 
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Table 67.--Labor required for a 3-man crew to unload and move 1,000 unpacked boxes of apples 
directly to the packing line from a road truck by use of clamp-type 2-wheel 
hand trucks and a 15-foot floor chain conveyor 


5 :Productive: Fatigue : Wait : Total 
eR se : uli rt : labor ;allowance;: time ; labor 
:Number : Wan-hours Man-hours Man-hours Man-hours 
Set up and clean up e 2 “20512 0.0 0.0 0.12 
Pick up 6=high stacks on road truck by use of 
hand truck 2 239 04 00° 43 
Transport 45 feet to bank by use of hand truck 2 -88 209 08 1.05 
Release in bank by use of hand truck 3 2 29 203 20 032 
Pick up 6-high stacks in bank by use of hand 3 : 
truck : 1 : 23 203 0 poe 
Transport 10 feet to floor chain by use of : 
hand truck 1 28 203 Ae) ool 
Release on floor chain by use of hand truck al 24 202 2.44 2.70 
Total man-hours : bod 3 2.49 224 Paps 52 5.25 
Elapsed time--hours 3 7 1/__.96 


1/ Truck unloading only. 


2-Man Crew and 100-Foot Conveyor 


An improved method of moving fruit to the packing line with floor 
chain conveyor uses a 2-man crew and a 100-foot floor chain conveyor. 
These men work only intermittently while the road truck is being unloaded. 
They move the fruit a distance of 70 feet by use of hand trucks and re- 
lease it on the floor chain conveyor. When the conveyor is nearly empty 
the transportation distance is 100 feet, when it is partly full this 
distance is proportionately less. After unloading the road truck to the 
floor chain conveyor, the two workers are assigned to other work. 


The improvement in this method centers around the installation and 
use of a much longer floor chain conveyor. A 100-foot floor chain con- 
tains space for approximately 600 boxes of apples in 6-high stacks, a 
little more than two road truckloads and an amount sufficient to keep the 
packing line supplied for two hours. The bank of supply on the floor 
chain conveyor feeding the packing line permits the workers to move to 
other work rather than having one of them continuously employed supplying 
the packing line. Because the distance between the packing line and the 
receiving platform must be a straight distance of 100 or more feet, few 
plants could utilize this method. 


This method of unloading and moving apples to the packing line 
reduces the labor requirement 56 percent. Only a nominal amount of wait 
time occurs. It will be noted from table 68 that the elapsed time of 
1.16 hours required to unload the road truck is greater than for the 
common method since the hand truckers must transport fruit a longer 
distance. This elapsed time could be reduced through the use of a 
3-man crew. 


Sn Sie 


Table 68.--Labor required for a 2-man crew to unload and move 1,000 unpacked boxes of apples to 
the packing line from a road truck by use of clamp-type 2-wheel hand trucks 
and a 100-foot floor chain conveyor 


Productive: Fatigue: Wait; Total 


Operation ‘Wor: kers. labor :allowance: time : labor 
:Number : Man-hours Man-hours Man-hours Man-hours 

Set up and clean up oer 4. FOsae 0.0 0.0 0.12 
Pick up 6-high stacks on road truck by use of : 3 

hand truck Se PucEy as 239 004 Xe) 243 

Transport 70 feet to bank by use of hand truck : 2) 3. 1.352 013 08 1.52 

Release on floor chain conveyor : 2 024 02 AA°) 2 26 

Total man-hours ce ee 219 .08 2.33 

Elapsed time—hours : : 1.16 


Comparison of Hand Truck--Floor Chain Conveyor Methods 


Labor and equipment costs incurred by the method of using a temporary 
bank of supply and short length of floor chain conveyor to supply apples 
directly to the packing line are $6.75 per 1,000 boxes handled (table 69). 
Most of this cost is labor cost. The improved method reduced total cost 
only $0.15 per 1,000 boxes, but reduced labor cost by more than 50 percent. 
Thus, the advantage of the improved method largely is in reducing the size of 
the crew. Moreover, the elapsed time with the improved method is greater 
than with the common method. 


Table 69.--Comparative labor and equipment costs of 2 specified methods of unloading and moving 1,000 unpacked 
boxes of apples to the packing line from road trucks by use of 2wheel hand trucks and floor chain conveyor 


Labor and equipment required : Labor and equipment costs 
Method :Blapsed, : = oS man ap aie he epee OUAL COBUS 
; time , Equipment , Wait Total . x cig :Current:Assumed 
: tine ware 7 qs ace aaa , sCurrent:Assume 


: s 2 3 3: Wages : wages 


Two men hand truck 45 feet to bank, 3 : : 7 
1 man hand trucks 10 feet to 15=foot : : : 
floor chain conveyor 32/ 0. 96: 3/ 8.58 =: 2.52 5.25 : 0.71 6.04 6.75 8.06 


Two men hand truck 70 feet to 100-foot: 7 : 
floor chain conveyor : 1.16; 4/ 5.66 :; .08 2.33 : 3.92 2.68 6.60 7.18 


° e ° 
° ° 


y Computed from "current" wage rates. 
Truck unloading only. 

3/ Clamp-type 2-wheel hand truck 5.25 machine-hours, 15-foot floor chain conveyor 3.33 machine-hours, total 
8.58 machine-hours. 

4/ Clamp-type 2-wheel hand truck 2.33 machine-hours, 15-foot floor chain conveyor 3.33 machine-hours, total 
5.66 machine-hours. 


Industrial Fork-Lift Truck and Pallets 


The use of industrial trucks and pallets to move fruit directly to 
the packing line is rather limited. When fruit is received unpalletized 


Braye 


from orchard trailers, pallet loads are built on the receiving apron at 
the warehouse before the fruit is moved to the packing line. Apples 
received at pallet plants on road trucks usually are on pallets or in 
palletized loads which are built in the orchard. 


Unloading from Road Trucks and Moving 
to the Packing Line 


Fruit may arrive at the warehouse on pallets on road trucks or 
partially palletized on trailers. Usually, completely palletized loads 
of fruit arrive at the plant only on road trucks. The usual method of 
moving palletized loads of fruit directly to the packing line is for the 
fork-lift truck operator to lift a unit load from the road truck, trans- 
port it approximately 50 feet to the dumping area, and place it ina 
temporary bank of supply. Usually pallet loads are tiered two unit loads, 
or 12 boxes high,in the temporary storage area. Later, another worker, or 
the same lift-truck operator, moves the unit loads from the bank of supply 
to the dumper, a distance of approximately 20 feet. 


By this method of using fork-lift trucks to move 48-box pallet loads 
of fruit directly to the washer, 1.21 man-hours of labor are required per 
1,000 boxes (table 70). Of the total labor, 33 percent is lost in wait- 
ing. Most of the wait time, 80 percent, is attributed to the road truck 
driver standing by while the road truck is being unloaded, The elapsed 
time to unload 1,000 boxes is relatively low, 0.45 of an hour. 


Table 70.--Labor required to unload and move 1,000 unpacked boxes of apples directly to the 
packing line from a road truck by use of pallets and industrial fork-lift truck when 
boxes are received in 48-box pallet loads 


2 sProductive: Fatigue : Wait : Total 
Wigderags sOREERS: labor :allowance: time : labor 
:Number : Man-hours Man-hours Man-hours Man-—hour s 


oe a SS 
. . 


Set up and clean up 1. < 0.13 0.0 0.32 0.45 
Pick up 48-box pallet loads off road truck bed 
by use of fork-lift truck : Bt 07 0 08 15 
Transport 50 feet to temporary bank sy 1> : sek. 02 .0 224 
Release or tier unit loads in temporary 3 
storage—average 2-pallet loads high ay 206 00 20 06 
Pick up unit loads in temporary bank ime a 206 00 le) 206 
Transport 48—box pallet loads 20 feet to dumper : : 
area : 1 : 13 202 me) By 
Release unit load at dumper cp ees 210 -O 20 210 
Total man-hours cei ante 77 204 240 1.21 
Elapsed time—-hours : : 1/_ .45 


1/ Truck unloading only. 


=} 


Unloading from Orchard Trailers and Moving 
to the Packing Line 


When apples are hauled to the warehouse on orchard trailers, pallet 
loads are built by the trailer operator after the pallets have been 
placed around the trailer. (Sometimes the fork-lift truck operator assists 
in placing empty pallets around the trailer. In other cases, the tractor 
operator obtains and manually carries each empty pallet from the plant to 
the trailer after he has finished building the previous pallet load.) The 
fork-lift truck operator picks up completed pallet loads and moves them 
either directly to the packing line or to a temporary storage area. In 
the method shown, it has been assumed that the lift-truck operator does 
not place the empty pallets. The trailer driver builds unit loads on the 
trailer and the lift-truck operator moves the unit loads approximately 
50 feet to the temporary storage area. Later, the lift-truck transports 
the fruit the additional 20 feet keeping the dumper supplied. 


This method of using the lift truck requires 2.69 man-hours of labor 
to unload and move 1,000 boxes to the packing line (table 71). Because 


a 
Table 71.--Labor required to unload and move 1,000 unpacked boxes of apples into storage from an 
orchard trailer by use of pallets and industrial fork-lift truck 
when boxes are received unpalletized 


ea a Naas cis 1. U6” 6 Gel ePproauctives/ Fatigue : Wat’ <° Tovale 
Operation *Workers*!*° ctive: Fatigue : Wait : Tot 


$ : labor ;:allowance: time : labor 
:Number : Man-hours Man-hours Man-hours Man-hours 
Set up and clean up 5 1.8 0024 0.0 0.0 0.24 
One man builds unit loads from orchard trailer : 1 : 1.49 250 Ae) 1.79 
Pick up 48=box unit load by use of fork-lift " : 
truck ee ears 205 00 20 05 
Transport unit load 50 feet to bank : Be 222 02 Ae) 2 a4 
Release or tier unit load in bank of supply— =: FY 
average 2 pallet loads high oo ees 20€ 00 0 06 
Pick up 48-box unit load by use of fork-lift 7 3 
truck 3 2s 06 Ae) Ale) 206 
Transport unit load 2 feet to dumper s 1 : 13 O02 0 oS 
Release unit load at dumper : 13 10 A) 20 210 
Total man-hours a ees 2.35 004 ALS) 2.69 
Elapsed time—hours : A 1/ 2.03 


1/ Truck unloading only. 


the work involved in building pallet loads occupies the time of the 
trailer operator, there is little delay time. It has been assumed that 
the fork-lift truck and operator are occupied in other work between times 
when moving fruit to the dumper. This assumption is based upon the fact 
that some plants have one fork-lift truck supplying the line, moving 
packed fruit away from the line, moving empty boxes to storage, and 
transporting the culls to a storage point somewhere in the warehouse. 
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Industrial Clamp-Type Lift Truck 


By use of industrial clamp-type lift trucks, fruit arriving at the 
plant on road trucks is unloaded and moved to a bank of supply in the 
dumping area. 30/ Hand trucks are used to move fruit from the temporary 
bank of supply to packing line. This method is the most widely used 
method because most industrial clamp-truck plants have been converted 
from belt conveyor or hand-truck operations. 


A second method of moving fruit directly to the packing line with 
industrial clamp-lift trucks is to use a set of accumulation conveyors 
(gravity-type). The lift-truck operator places part of the boxes as they 
are unloaded on the conveyor and builds a temporary bank of supply for 
the remaining boxes. Later the lift-truck operator removes the fruit from 
the temporary bank to the rollers. This operation is in many ways not the 
most practical, for few plants in the industry have sufficient industrial- 
clamp trucks and it is difficult to coordinate the supply of fruit unless 
a large lot of fruit is going directly to the packing line. If the grower's 
lot of fruit is large, it would probably necessitate building a large bank 
of supply anyway, so the operation would usually be one of working from 
the bank. 


When the clamp-type industrial-lift truck is used in combination with 
@-wheel hand trucks to move fruit directly to the packing line, the indus- 
trial truck moves fruit approximately 50 feet from a road truck bed that 
has been stabilized by use of a hydraulic lift. The hand truck operator 
moves the boxes from this temporary bank of supply 20 feet to the dumper. 
By use of this method, 4.93 man-hours are required to receive 1,000 boxes 
(table 72). Sixty-one percent of this labor is accounted for by idle or 


Table 72.--Labor required for a 2-man crew to unload and move 1,000 unpacked boxes of apples to 
the packing line from a road truck by use of industrial clamp-type lift truck 
and 2-wheel hand truck 


3 :Productive: Fatigue : Wait: Total 
Operation ;Workers. “iabor allowance: time ; labor 


:Number ; Man-hours Man-hours Man-hours Man-hours 


——— es 


Set up and clean up 1 0.15 0.0 0.65 0.80 
Pick up 24=-box unit load on road truck bed by 
use of industrial clamp truck Zi eil Ae) 209 20 
Transport 50 feet to bank by use of industrial 
clamp truck 1 38 203 Ae) 241 
Release in bank by use of ind»strial clamp : : 
truck : 1 : o1l9 <0 0 el9 
Pick up 6-high stack by use of 2-wheel hand : 
truck a 2 203 Ae) 252 
Transport 20 feet with 2-wheel hand truck BE 045 205 Ae) 250 
Release at dumper area with 2-wheel hand truck A: 224 202 2.25 2.51 
Total man-hours 2: =- : 1,81 013 2.99 4.93 
Elapsed time--hours : : 1/__.80 


1/ Truck unloading only. 


30/ Industrial clamp-type trucks are either of 24- or 36-box capacity. 


- 155 - 


wait time. Most of the wait time arises from the hand truck operator 
waiting to bring fruit to the dumper because the packing line does not 
utilize the fruit as rapidly as the hand trucker can move it to the 
dumper. Assignment of odd jobs would reduce wait time. Twenty-two per- 
cent of the wait time results from the road truck operator standing by 
while the road truck is being unloaded. 


Industrial Fork-Lift Truck, Low-Lift Pallet 


Transporter, and Pallets 


The low-lift pallet transporter is not widely used in the Washington 
State apple plants. At the time field work was under way, there was only 
one plant that occasionally used this type of materials-handling equip- 
ment. This plant did not follow the practice of stabilizing truck beds. 
Instead, a fork-lift truck removed unit loads from the road truck bed, 
transported the load 20 feet and released it on the receiving platform. 
The low-lift pallet transporter picked up the unit load and transported 
it approximately 50 feet to the dumper. 


By use of the industrial fork-lift truck in combination with the 
low-lift pallet transporter, 3.99 man-hours of labor were required to 
move 1,000 boxes to the packing line (table 73). Seventy-six percent of 


Table 73.--Labor required to unload and move 1,000 unpacked boxes of apples directly to the 
packing line from a road truck by use of pallets, industrial fork-lift truck, and 
low-lift pallet transporter 


: sProductive: Fatigue : Wait : Total 
Opeterct eg aa labor :allowance: time : labor 
:Number : Man-hours Man-hours Man-hours Man-hours 


se eee SS ee 
. 
. 


Set up and clean up H 2 : 0.13 0.0 0.2 0.33 
Pick up 48=box pallet load off road truck bed 7 
by use of fork-lift truck 1 
Transport 20 feet to bank on platform 1 
Release pallet load on platform by use of : 
fork-lift truck sed Pee 04 20 0 004 
Pick up 48=box pallet from bank on platform by : 
use of low-lift pallet transporter a 
Transport SO feet by use of low-lift pallet 
1 
ak 


transporter 028 203 20 o3l 
Release at dumper by use of low-lift pallet : 
transporter : 12 eO1 2.77 2.90 
Total man-hours ee ee 206 3.05 3.99 
3 : 
Elapsed time--hours : : 1/_ .33 


1/ Truck unloading only. 


this labor was accounted for by wait time. Most of the wait time, 91 per- 
cent, resulted from the low-lift pallet transporter standing by waiting 
to keep the dumper supplied. Part of this wait time could be avoided if 
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the operations in the plant could be so arranged that the low-lift pallet 
transporter and operator could be assigned to intermittent odd jobs. 


Comparison of Methods and Types of Equipment 
for Unloading from Road Trucks and Moving 


Directly to the Packing Line 


Of the different methods and types of equipment previously discussed 
for unloading from road trucks and moving boxes of apples directly to the 
packing line, the most economical is fork-lift trucks and pallets, with 
labor and equipment costs of $4.78 per 1,000 boxes (table 74). The second 


Table 74.-—-Comparative labor and equipment costes for unloading from road trucks end moving 1,000 unpacked bores of apples to the vacking line by use of specified 
methods and types or combinations of types of equipment 1/ 


: : Lebor and equipment required : Labor and equipment costs 
Dp f equi t and method avon: pe saapeed 2 ‘ Total costs 
es of equipment and metho 2 ers : : B F 3 z 
: gp eames carouarment ey : Total | Emipmant: Lebor 2/: Carrect 1: Assumed 
: . . time time : labor; 2 t i Wages 1 wnges 4 
: Number Hours ;Machine-houre ;Man-houra ken-boure : Dollare Dollare Dollere Dollars 
: : : t : 
Clamp-type 2-wheel hand truck; 2 workers hand- 2 : : : : 
truck 50 feet to bank, 1 worker hand-trucks 20 t 3 t t : 
feet to dumper © 3 35/1.01 : 5.35 : 2.33 5.35 3 9.13 6.15 6.28 7.62 
1 z 3 : : 
Belt conveyor end hand truck: 2 workers hand-truck ; : H H 
30 feet to bank. 1 man hand-trucks 10 feet to belt: Fy 3 t : 
conveyor and places on conveyor 6/ 3s 3 5/ .€3 :Z/ 8.32 : 1.47 4.s9 : -95 5.74 6.69 7.94 
Hy H 3 1 t 
Floor chain conveyor and hand truck: 2 workers 3 : : t 3 
hand-truck 5 feet to bank, 1 man hand-trucks 7 : 1 : t 
10 feet to 15-foot floor chain conveyor : 3 :5/ 96 ; s/f 8.58 : 2.52 5.28 : re 6.04 6.75 8.06 
Floor chein conveyor end hand truck: 2 workers 3 : 
hend-trck 70 feet to a 100-foot floor chain : : : : 3 
conveyor 9/ ee : 1.16 :10/ 5.66 : +08 2.33 : 3.92 2.68 6.60 7.18 
: : : : Hy 
Industrial fork-lift truck. palletized: i worker $ t : 3 : 
and fork-lift truck treneport 48-box pallet loade : 2 : H t 
50 feet to bank and then 20 feet to dumper. 1 ‘ H : H 3 
worker mostly waits. =. 32 35/ 5 s11f 1.52 Hy ho 1.21 : 3.27 1.51 4.78 5.08 
: t a 3 z 
Industriel clemp-tyve lift sruck; 1 worker and Hy Hy : : 3 
industrial-clamp truck transport 59 feet to bank, : 2 t 3 3 


1 worker hend-trucks 20 feet from bank to dumper 


Industrial fork-lift truck, low-lift let 
trensporter and pallets: 1 worker and fowk-lift 
truck transport 20 feet to bank, 1 warker and 
low-lift pallet trensporter transport 59 feet to : z 
dummer iva 25/ .33 :13/ %.55 1 3.05 3.99 : 7.54 4.64 12.18 13.18 


A H t H 
1 Except ae otherwise noted, all transportetion distances ere standardized at 70 fet. 


2/ Equipment costs computed from data on ownership and operating coets shown in table 2. 
3/ *Ourrent" ledor costs computed from wage rates of $1.15 per hour for unekilled labor and $1.30 per hour for semiskilled lebor (ey workers such as 
industrial track overetore). 
4/ Assumed ledor corte computed from wage rates of $1.40 per hour for unskilled workers end $1.55 per hour for semiekilled labor. 
Truck unloading only. 


6/ Conveyor transports fruit 30 feet. 

L/ 20-foot belt conveyor 3.33 machihe-hours, clamp-type 2-wheel hand truck 4.99 machine-houre, total 8.32 mechine-houre. 

8/ 15-foot floor chain conveyor 3.33 machine-houre, clemp-type 2-wheel hend truck 5.25 mechine-hours, total 8.58 sachine-hours. 

9/ Traneportetion distance increased to 170 feet, 100 feet of which in by use of floor chain conveyor. Conveyor servee an an sccumulatar. Increased dietence 
adde equipment costs but does not increase labor costs. 

10/ 100-foot floor chain conveyor 3.33 machins-hours, clamp-type 2-rheel hnond truck 2.33 sachine-hours, total 5.66 machine-hours. 

1l/ 4,000-ncund capacity electric fork-lift truck 0.76 machinehours, 20.2 palletes (48-box) 0,76 mechine hours, total 1.52 machine hours. 

12/ 1,000-pound (24-box) capacity electric clamp-type truck 0.80 mechine-hours, hydraulic stabilizer unit 0.20 machine-hours, clamp-type 2-wheel hand truck 
3.33 mechine hours, total 4.93 machine—hours. 

13/ A 4,000-pound capacity electric fork-lift truck 0.33 machine hours, 4,000-pound capacity electric low-iift pallet transporter 3.33 machine-hours, 
20.€ pallets (43-bdox) 0.89 machine-hours, totel 4.55 machine-hours. 


most economical method uses the 2-wheel hand truck. There is a marked 
contrast in labor and machine costs of hand truck and fork-lift truck 
methods. Receiving by use of hand trucks had the highest labor cost of 
all methods, a factor that should be considered when there is difficulty 
hiring sufficient workers to operate a plant. The highest cost method 

of receiving was the combination of equipment using a fork-lift truck and 
low-lift pallet transporter. 
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With the exception of fork-lift truck and pallet methods, floor chain 
conveyor plants use less labor to move fruit to the packing line than any 
other method. Other methods of moving apples directly to the line incurred 
labor costs of from $5.00 to $7.00 per 1,000 boxes received. 


When fork-lift trucks are used to move fruit directly to the packing 
line, the elapsed time required, as well as the costs, was relatively low. 
However, the use of the pallet transporter with the fork-lift truck re- 
duced the elapsed time, so that only 0.33 of an hour was needed to unload 
1,000 boxes from road trucks. The floor chain conveyor which showed rela- 
tively low labor cost had the disadvantage of requiring the longest 
elapsed time to unload. 


Comparison of Methods and Types of Equipment 
for Unloading from Orchard Trailers and 
Moving Directly to the Packing Line 


The method of unloading apples from trailers and moving directly to 
the packing line, in which gravity roller conveyors replace the hand trucks, 
resulted in a large saving. At current wage rates, the total labor and 
equipment costs by the improved method were $2.60 per 1,000 boxes compared 
with $8.23 by the hand truck method (table 75). Savings in labor with the 
improved method were greater than the actual savings because there was 
additional machine cost; yet this machine cost is not great, amounting to 
only $0.85 per 1,000 boxes. The greater efficiency of the improved method 


Table 75.--Comparative labor and equipment costs for unloading from orchard trailers and moving 1,000 unpacked 
boxes of apples to the packing line by use of specified methods and types of equipment 1/ 


° 
: 


: , Labor and equipment required : Labor and equipment costs 
Method ;Blapsed , : : : 2 : Total costs 
; time , Equipment . Wait , Total Equipment, Labor -Current:Assumed 


e/ 


time | labor 3/ 


; wages :wages 4/ 


° 


One worker builds stacks on trailer, : 3 H : 
2 workers hand truck 50 feet to : 
bank, 1 worker hand trucks 20 feet ; 
from bank to dumper 35/ 1.26: 

One worker transfers boxes from 7 3 
trailer to 50-foot long roller : : : : 
conveyors 6/ : 1.52: a 1.52 3 me) VoOet aes 85 1.75 2.60 2.98 

One worker builds unit loads or : e 
pallets, 1 fork-lift truck trans- 
ports 50 feet to bank, 20 feet to : : : 
dumper :5/ 2.03: 8/ 1.32 : 20 2.69 : 283 3.19 6.02 6.69 


: : : 5 


7.01 : 2.85 7.01 : 0.17 8.06 8.23 9.98 


1/ Except as otherwise noted, all transportation distances are standardized at 70 feet. 
Equipment costs computed from data on ownership and operating costs shown in table 2. 
3/ "Current" labor costs computed from wage rates of $1.15 per hour for unskilled labor and $1.30 per hour 
for semiskilled labor (key workers such as industrial truck operators). 


4/ Assumed labor costs computed from wage rates of $1.40 per hour for unskilled workers and $1.55 per hour 
for semiskilled labor. 


5/ Trailer unloading only. 

6/ Transportation distance is 50 feet. Decrease of 20 feet in standard distance does not affect labor 
costs. 

oy Four 50-foot roller conveyors 1.52 machine hours. 


8/ 4,000-pound electric fork-lift truck 0.66 machine-hours, 20.8 pallets (48-box) 0.66 machine-hours, 
total 1.32 machine-hours, 
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also is shown by the elimination of all wait time. It would appear 
desirable to use gravity roller conveyors in place of 2-wheel hand trucks 
in all plants that can make use of this method of receiving. If it is 
impossible to install conveyors with sufficient incline, the worker who 
removes culls and empty boxes may need to assist in moving the boxes on 
the rollers to the dumper. 


Labor and equipment costs per 1,000 boxes by use of industrial-lift 
truck and 48-box pallets are $6.02 at current wage rates. These costs are 
about equally divided between labor and equipment. 


Comparison of Costs for Unloading, Moving to Storage, 
and then to the Packing Line with Costs for 


Unloading and Moving Directly to the Line 


To a limited extent, apple houses have a choice of moving fruit 
directly to the packing line or into storage and then to the packing line. 
From the cost standpoint, it is much more economical to move fruit directly 
to the packing line. However, to handle a relatively large volume of fruit 
in this way requires a much larger investment in packing house facilities. 
The decision on the amount of fruit that can and should be moved directly 
to the line should be made in light of this and other factors previously 
discussed. 


To illustrate comparative labor and equipment requirements and their 
costs, a belt-conveyor-hand-truck operation requires a total of 4.99 man- 
hours to move fruit directly to the packing line. If the fruit is moved 
into storage first and then to the packing line, approximately 3-5 times 
as much labor is required, 17.42 man-hours per 1,000 boxes (table 76). 

In addition, the number of handlings the fruit must undergo is greatly 
increased. 


The time spent waiting when the fruit is moved to storage and then 
from storage to the packing line is 2-5 times as much as when the fruit 
is moved directly to the packing line. However, percentagewise the wait 
time involved in moving fruit to storage and later to the packing line 
is 21 percent of its total man-hours, while the wait time in moving fruit 
directly to the packing line is 29 percent of the total man-hours. 


When using belt conveyors and hand trucks, labor and equipment costs 
are increased $18.24 (at current wage rates) per 1,000 boxes by moving 
fruit to storage before it is brought to the packing line (table 77). 
Offsetting this extra cost, less packing house equipment is required, 
the fruit is cooled more promptly, and packing operations are spread 
through a longer season. 
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Table 76.--Comparative labor requirements for unloading from road trucks and moving 1,000 unpacked 
boxes of apples directly to the packing line and for moving boxes of apples to storage and 
then to the packing line by use of belt conveyor and 2-wheel hand trucks 


3 :Productive: Fatigue : Walt : Total 
Operation Workers? ’°\ shor tallowance:. time. labor 
:Number : Man-hours Man=-hours Man-hours Man-hours 

Move apples directly to washing and packing line : : 
Set up and clean up se) te Oke 0.0 0.0 0.12 
Hand truck 30 feet to bank 2 & : 41.380 013 Fala 1.54 
Hand truck 10 feet to belt conveyor 3) des 81 08 Ae) 289 
Place boxes on belt conveyor 1/ ee ee 90 18 1.36 2.44 
Total man-hours > - : 3,13 239 1.47 4.99 

Move apples to storage first and then to : 7 

washing and packing Tine : : 
Set up and clean up ; 10 3 016 20 269 285 
Place boxes on belt conveyor e720 pn ees a2) 035 1.86 
Transfer boxes from belt conveyor 2/ ee ee ee? | 2 26 229 1.86 
Hand truck 50 feet to storage 2 2-3 “L661 ol, 208 1.86 
High=pile boxes to 12-high : 4 : 227 256 089 3.72 
Break down stack from 12-high to 6-high 912. ba 2002 40 me) 2.42 
Hand truck 35 feet to bank : 2 ¢: 1.29 013 eL0 1.52 
Hand truck 15 feet to belt conveyor so 4, Ae °90 209 ae) 99 
Place boxes on belt conveyor 3/ ae eee 90 18 1.26 2.54 
Total man-hours : 2 3: 11.74 2.04 3.64 17.42 


1/ Conveyor transports fruit 30 feet. 
2, Conveyor transports fruit 50 feet. 
3/ Conveyor transports fruit 140 feet. 


Table 77.--Comparative labor and equipment costs for unloading and moving 1,000 unpacked boxes of apples directly 
to the packing line from a road truck and for moving apples into storage and then to the 
packing line by use of belt conveyor and 2-wheel hand trucks af 


Labor and equipment required Labor and equipment costs 


Method :Workers: : : 3 : : Total costs 
: Equipment ‘* Wait * Total ‘Equipment* Labor *_-22= Sos’) 
2 2 time > time = labor * 2/ 2 3/ :Current ;:Assumed 
i 7 : 3 A 3 Wages ;wages 4 
: Dollars UVollars Dollars Dollars 


:Number :Machine-hours: 


Unload road truck and move boxes of : : § 
apples directly to washing and : : 
packing line >: 38 : 5/832 : 

Unload road truck, move boxes of - 
apples into storage and tier, and 
later move to washing and packing H c : 
line : 13; 6/12. 22 : 3.64 17.42 : 4.90 20.03 24.93 29.29 


1.47 4.99 : 0.95 5.74 6.69 7.94 


1/ Transportation distance when apples are moved directly from the road truck to the packing line is 
70 feet. When moved to storage and then to the packing line the total transportation distance is 290 feet. 

2/ Equipment costs computed from data on ownership and operating costs shown in table 2. 

3/ "Current" labor costs computed from wage rates of $1.15 per hour for unskilled labor and $1.30 per hour 
for semiskilled labor (key workers such as industrial truck operators). 

4/ Assumed labor costs computed from wage rates of $1.40 per hour for unskilled workers and $1.55 per hour 
for semiskilled labor. 

5/ Clamp-type 2-wheel hand truck 4.99 machine-hours, 30-foot belt conveyor 3.33 machine-hours, total 
8.32 machine-hours. 

6/ Clamp-type 2-wheel hand truck 6.87 machine-hours, 100-foot belt conveyor 1.01 machine-hours, 140-foot 
belt conveyor 3.55 machine hours, 15-foot gravity roller conveyor 1.01 machine-hours, total 12.22 machine-hours. 
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METHODS AND EQUIPMENT FOR MOVING APPLES 
FROM STORAGE TO THE PACKING LINE 


The practice in Washington State of placing most apples in cold storage 
before they are packed has led to the construction of ample storage facili- 
ties in most areas. As a result, most apples are received into cold storage, 
even when the apples are not to be held long, since many firms precool fruit 
before packing. Precooling takes the field heat out of the apples and 
slows down the ripening process. Precooling involves no special processes 
other than moving the fruit into cold rooms where it will be held briefly, 
usually a few days. Since much of the tonnage is moved into cold storage 
prior to packing, moving fruit out of cold storage to the packing line is 
an important and costly cycle of handling operations. 


Moving fruit from storage to the packing line is not done under the 
pressure of harvest season operations. This work is spread over the pack- 
ing season which varies in length with the size of the crop, the nature of 
the market, and practices in different localities. 


During some seasons, a number of firms do not find it desirable to 
pack a great quantity of fruit in advance of sale, so that buyers can be 
provided the type of pack or the variety of fruit demanded. Frequently, 
to meet market demand, apple houses pack intermittently for the first few 
months of the season and then shut down for a few weeks. Some firms stop 
and start their packing operations several times in a season. In the 
Wenatchee and Okanogan areas, most firms pack as rapidly as possible in 
the hope of completing operations before the onset of cold weather. 


Unpacked fruit is moved from storage to the packing line either in 
standard boxes, which are later used for packed fruit, or in field boxes. 
In either case, these are the boxes in which apples are received. Generally, 
moving apples from storage to the line involves the following cycle of 
operations: (1) Picking up boxes; (2) transporting boxes from the stack- 
ing or storage point to the packing line; (3) releasing the boxes in a 
temporary bank or in the dumping area; and (4) returning empty with the 
materials-handling equipment to pick up the next load. Where boxes of 
fruit are stacked in storage more than 6-boxes high and are to be handled 
with materials-handling equipment other than industrial fork-lift type or 
clamp-type trucks, all boxes above the 6-high stacks must first be 
removed or "broken out." 


When industrial fork-lift trucks are used in combination with 
clamp-type 2-wheel hand trucks, these operations are repeated to complete 
the entire cycle. When belt conveyors are used in combination with other 
equipment, there are two additional operations--placing boxes on and 
removing them from the conveyor. 


As used in this report, the operation of picking-up boxes is identical 
with that described for the cycle of operations performed in unloading and 
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moving apples into storage. Pickup time starts when the operator begins 
positioning his equipment and ends when he is in position to move to or 
start the next operation in the cycle. 


Transporting boxes to the packing line begins as soon as the worker 
with the hand truck is in position to move or the unit load clears its 
original position and ends when the worker with the hand or industrial 
truck reaches the temporary bank or the area adjacent to the dumper and 
starts to maneuver to release the stack or unit load. 


Releasing the boxes in the temporary bank or at the dumper consists of 
setting the boxes down in position either for subsequent movement or for 
dumping. The operation begins when the worker starts to maneuver the truck 
into position and ends when the hand trucker begins to return empty or when 
the forks or clamps of the industrial truck clear the load. 


Returning empty with materials-handling equipment begins when the 
hand truck operator has completed his backing and turn and starts his re- 
turn to pick up the next load or when the forks or clamps of the industrial 
truck clear the load and ends when he begins positioning the forks or 
clamps to pick up a load. For purposes of this report, labor incurred in 
transporting boxes to the packing line and returning empty is combined and 
shown as transportation labor. 


A single packing line utilizes from 2,000 to 4,000 boxes of loose or 
unpacked fruit per day. Handling operations involved in moving apples 
from storage to the line are paced by the rate of the packing line. Fruit 
handling crews frequently are delayed waiting for the packing line to use 
the fruit. As a result of delays and other wait time, supplying fruit to 
the line is a relatively costly operation. However, there are possibilities 
for improving methods to avoid delays and reduce costs. Crews moving fruit 
to the packing line usually are made up of more experienced workers and are 
smaller than the crews used for some other operations, facilitating 
supervision. 


The most widely used equipment for moving fruit from storage to the 
packing line is the clamp-type hand trucks in combination with belt con- 
veyors. Some plants that use hand trucks entirely during the receiving 
operation use belt conveyors to move fruit to the packing line. Part of 
the advantage of belt conveyors is that in dumping boxes the loads or 
stacks must be broken down for dumping one box at a time. There is little 
difference in the labor required to break the stacks in the cold room when 
the boxes are placed on the belt and that required when the stacks are 
transported to the dumper and broken as part of the dumping operation. 
Some of the smaller plants use the hand trucks for supplying dumpers. 
Except for new methods of handling by use of industrial equipment, the use 
of other types of equipment for moving fruit to the line is not widespread 
in Washington State plants. 
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Moving fruit to the packing line may involve breaking out high-piled 
boxes in the storage room. In high-piling plants, the fruit moved to the 
packing line by equipment other than industrial trucks first must be re- 
moved from above the 6-high stacks. (The upper boxes are lowered to the 
floor and built into 6-high stacks so that they can be hand trucked to the 
packing line or belt conveyor.) Stackbreaking is discussed as a separate 
operation for all types of equipment except industrial trucks. The types 
and combinations of types of equipment used for moving apples to the pack- 
ing line covered in this report are: 


1. Clamp-type 2-wheel hand trucks alone. 

2. Clamp-type 2-wheel hand truck and belt conveyor. 

3. Clamp-type 2-wheel hand truck and floor chain conveyor. 
4. Clamp-type 2-wheel hand truck, floor chain conveyor and stackbreaker. ~ 


5. Clamp-type 2-wheel hand truck, belt conveyor, stackmaker and 
floor chain conveyor. 


6. Clamp-type 2-wheel hand truck and elevator. 
7. Industrial clamp-type truck. 
8. Industrial fork-lift truck and pallets. 


9. Industrial fork-lift truck, low-lift pallet transporter, and 
pallets. 


The methods of using these types or combinations of equipment are 
discussed in the following sections of the report. It is assumed that the 
packing line uses approximately 300 boxes of loose fruit per hour. The 
rate at which the packing line handles fruit determines the elapsed time 
required to supply 1,000 boxes to the line, in this case 3.33 hours. 
Therefore, elapsed time is not shown in the analysis of the method of mov- 
ing fruit to the packing line from storage. Except as noted in connection 
with certain methods, a standardized transportation distance of 190 feet 
is used for analytical purposes. 


Clamp-Type 2-Wheel Hand Trucks Alone 


Hand trucks alone are used to move fruit to the packing line only when 
relatively short transportation distances are involved. When the distance 
is great, most plants have installed belt conveyors which they use in 
combination with 2-wheel hand trucks. However, for purposes of analysis 
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and to provide comparative data, the 190-foot distance is adhered to for 
all discussions in this section. sHy, 


When apples are moved to the packing line by hand truckers, a crew of 
two or more workers picks up 6-high stacks of boxes in the storage area and 
releases them to build a bank of supply near the dumper. Another hand 
trucker moves the fruit from the temporary bank or block into position for 
the worker dumping fruit into the washer (fig. 87). In practice there are 
two variations of this method. One in which a large bank of supply is 


Figure 87.--A hand trucker supplies a dumper from a temporary bank. 


built and the crew trucking from storage is assigned to other work while 
boxes are supplied to the dumper. The other is to have a small crew 
continuously bringing fruit to the bank of supply. The work elements in 
the two variations are similar and for that reason the most widely used 
method of building large banks of supply is used in the analysis that 
follows. 


In plants having more than one packing line, one worker may be used to 
supply two lines, but he works from two banks of supply, since one grower's 
lot of fruit is seldom run over two lines at the same time. Supplying two 
lines at once is not a method widely used. So, it is assumed that the 
hand trucker supplying the dumper works at only one packing line. 


31/ Transportation distance will not alter the organization of the 


method materially, except that at a shorter distance fewer hand truckers 
will be needed. 
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The time of the hand trucker supplying the dumper usually is not 
fully occupied because the packing line does not use fruit at as rapid a 
rate as it can be hand trucked to the dumper from a nearby bank of supply. 
The resulting wait time might be eliminated by locating the temporary 
banks of supply a little farther from the dumper or nearer to the original 
storage point. However, because of the layout of most plants, this cannot 
be done. Elimination of wait time, therefore, depends on arranging the 
work so that the hand trucker may be assigned odd jobs of short duration. 
Some of the odd jobs that might be assigned to him are moving empty boxes 
away from the dumper, handling culls from the packing line, and removing 
leaves from the washer. Since the assignment of odd jobs varies by pack- 
ing houses, it is assumed that the wait time of the hand trucker supplying 
the dumper is not productively utilized. 


For a distance of 170 feet from the storage point to the dumping area, 
two hand truckers are usually employed. Six-high stacks of boxes are 
picked up in storage, hand trucked 170 feet, and released in a temporary 
bank of supply near the dumper. (Although some of the fruit trucked to 
the dumping area may be broken down from high-piled stacks, breaking out 
high-piled boxes is not considered here as part of this group of opera- 
tions.) Supplying the dumper is completed when a third worker picks up 
the 6-high stacks from the temporary storage area and moves them 20 feet 
into position for the worker dumping the fruit (fig. 88). After the 
temporary bank of supply is built large enough to keep the packing line 
supplied for the desired period, the two workers moving fruit from storage 
are assigned other work. 


Figure 88.--Worker hand trucking stacks from a bank of 
supply to a dumper. 


The labor required by this method is 7.28 man-hours per 1,000 boxes 
(table 78)--a little more than 50 percent in transportation, and 31 percent 
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Table 78.—Labor required for a 3-man crew to move 1,000 unpacked boxes of apples from storage to 
the packing line by use of clamp—type 2-wheel hand trucks af 


5 vProductive: Fatigue; Wait : Total 
pen seekers, labor :allowance: time  :;: _ labor 


:Number ; Man-hours Man-hours Man-hours Man-hours 


a ee Se 


Pick up 6-high stacks by use of hand truck : 2 : 02 0.03 0.0 0.32 
Transport stacks 170 feet to temporary bank cae 3.01 230 aie) 3.31 
Release stacks at temporary bank 3 2 029 03 rie) 252 
Pick up 6-high stacks by use of hand truck at 3 : 
temporary bank ee? See 2°29 203 20 FEY 4 
Transport stacks 20 feet to dumper : 1: 245 205 Ae) - 90 
Release stacks at dumper ed bee 224 02 2.25 2.51 
Total man-hours : = : 4.57 246 Re 25 7.28 


1/ Labor requirements do not include breaking out boxes above 6-high stacks in storage 
rooms. 


in wait time. A large part of the wait time is due to delays of the man 
supplying the dumper. Depending on the practices and layouts of individual 
plants, part of this wait time might be utilized by assigning this worker 
odd jobs. Labor and equipment costs by use of this method are shown in 
table 79. 


Table 79,--Labor and equipment costs for a 3-man crew to move 1,000 unpacked boxes of apples from storage 
to the packing line by use of clamp-type 2-wheel hand trucks 1/ 


Labor and equipment required ; Labor and equipment costs 
Method 3 2 $ 5 : 5 Total costs 
; Equipment . Wait ~ Total -kquipment; 1°T :Girrent:Assumed 
- time ; time | labor | ee eR a 


ars 


i A 
Two workers hand truck stacks 170 feet ; 3 

from storage to build up a day's : 

supply in bank near the dumper, then : : 

move to another job, 1 worker supplies: : A 

dumper from the bank 20 feet away by : 3 

use of hand truck : 7.28 : 2.25 7.28 ; 0.18 8.37 8.55 10.37 


ay/ Costs do not include breaking out boxes above 6-high stacks in storage rooms. 
2/ Computed from "current" wage rates. 


Clamp-Type 2-Wheel Hand Trucks and Belt Conveyors 


Most of the older type plants in Washington State use hand trucks in 
combination with the belt conveyor to move fruit to the packing line. 
Belt conveyors are arranged so that the fruit can be conveyed from all 
parts of the storage plant with only a short transportation distance by 
use of hand trucks. This distance is assumed to be 50 feet. The belt 
conveyor moves boxes the remaining 140 feet to the dumper. Moving fruit 
to the packing line with this equipment combination consists of hand 
trucking 6-high stacks of boxes from the storage point, or from the stack- 
breaking crew, to the belt conveyor and placing boxes, one at a time, on 
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the conveyor. Boxes are removed from the conveyor by the dumper. One 
variation of the method uses a crew to move up a large temporary bank of 
supply close to the belt, after which the crew does other work, while 
another worker trucks the boxes the remaining distance and places them on 
the belt, keeping the dumper supplied. By another variation in the method, 
a small crew (the size depending on the distance) brings fruit up to the 
belt (50 feet) as it is placed on the conveyor, but at the expense of an 
additional wait time of about 2.50 man-hours per 1,000 boxes. Only the 
first of these variations is presented here. : 


3-Man Crew Using Temporary Bank 


By use of this method, two workers hand truck fruit 35 feet from the 
storage point or from the "steckbreakers," and release loads in a temporary 
bank of supply near a belt conveyor. 30/ When sufficient boxes are in the 
bank, these workers are assigned to other jobs. A third worker hand trucks 
stacks 15 feet to the belt conveyor and places boxes on the conveyor which 
moves them 140 feet to the dumper (fig. 89). 


This method requires 4.85 man- 
hours for moving 1,000 boxes to the 
packing line--27 percent of it (1.29 
hours) for transportation and 28 per- 
cent for wait time (table 80). Al- 
most all of this wait time is incurred | 
by the worker placing boxes on the 
belt conveyor--the work being done in 
the cold storage room where it would 
be impractical to fill in with other 
assignments. If the plant layout 
permits and if there is vacant space 
in the storage room the transporta- 
tion distance to the temporary bank 
of supply can be decreased, leaving 
more distance for the worker supply- 
ing the belt to cover. This increase Figure 89.--Placing boxes from 6-high 
might decrease the delay time by stacks onto a belt conveyor. 
shifting more work from the men build- 
ing the bank of supply to the third worker. The extent to which such a 
shift could be made is governed by the fact that boxes must be placed on 
the belt at regular intervals to avoid the dumper being supplied inter- 
mittently which would result in a delay in the operations of the grading 
crew. 


32/ The term "stackbreakers" refers to the men manually lowering the 
previously high-piled boxes to a stack height which can be moved by 
2-wheel hand truck. 
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Table 80.--Labor required for a 3-man crew to move 1,000 unpacked boxes of apples from storage to 
the packing line by use of clamp-type 2-wheel hand trucks and belt conveyor 1/ 


3. :Productive: Fatigue : Wait : Total 
Operation : Workers | labor :allowance: time ;: labor 
:Number : Wan-hours Wan-hours Wan-hours Man-hours 
Pick up 6-high stacks at storage position by : 
use of hand trucks : 2 0.29 0.03 0.0 0.52 
Transport stacks 35 feet to temporary bank : 2 3 71 07 = 2-10 88 
Release stacks at bank : 27 us 29 203 20 052 
Pick up 6-high stacks from bank by use of 
hand truck eo 29 203 0 052 
Transport stacks 15 feet to belt 3 1 : 37 04 20 241 
Release stdcks at belt conveyor sot, 3s 024 202 A) «26 
Place boxes from single row stacks on belt : 
conveyor al 290 18 1.26 2.34 
Total man-hours 2: = : 3,09 240 1.36 4.85 


1/ Labor requirements do not include breaking out boxes above 6-high stacks in storage 
rooms. 
2/ Wait time caused by crew interference, 


One Worker and Accumulator Device 


A method for moving boxes of apples to the packing line might be 
developed by building accumulator space on the belt conveyor near the 
dumper in which a supply of fruit could be accumulated to supply the pack- 
ing line for a short period. 33/ It is assumed that such an accumulation 
device would permit the hand trucker placing fruit on the belt to trans- 
port fruit a distance of 50 feet. The remaining 140 feet of transportation 
would be by use of the belt conveyor. This device should permit the crew 
size to be reduced to one worker who would transport several stacks from 
the storage point to the belt and place the boxes from these stacks on the 
belt conveyor moving to the packing line. Accumulator space on the belt 
conveyor should permit the worker to place the boxes from several stacks 
on the conveyor before repeating the cycle. By this method the total 
labor required to supply the dumper should be reduced to 3.33 man-hours 
per 1,000 boxes, the rate at which the dumper uses the fruit (table 81). 
Theoretically, no additional reduction in labor could be achieved, even 
though 18 percent of the total labor would be wait time. 


Comparison of 3-Man Crew and One Worker 


At current wage rates, the method employing only one worker, might 
reduce total labor and equipment costs of moving fruit to the packing line 
by $1.79 per 1,000 boxes, or from $9.56 to $7.77 (table 82). Perhaps more 


33/ Although such an accumulator is not used for this purpose in the 
industry, small sections are used in supplying some of the mechanical 
dumpers. 
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Table 81.-—-Labor required for 1 worker to move 1,000 unpacked boxes of apples from storage to the 
packing line by use of clamp-type 2-wheel hand truck, belt conveyor, and accumlator 1/ 


: :Productive: Fatigue : Wait ¢ Total 
Operation noe kers : labor :allowance: time : labor 
:Number : Man-hours Man-hours Man-hours Man-hours 
Pick up 6-high stacks at storage position by 2 : 
use of hand truck ler Ose9 0.03 0.0 0.32 
Transport 50 feet to side of belt conveyor sy Ly Fs -97 ~10 20 1.07 
Release stacks at belt conveyor : I 024 02 Ae) 226 
Place boxes on belt conveyor from single-row : : : 
stacks ese an -90 18 -60 1.68 
Total man-hours 66 Pee cet Rea0 .33 60 3.33 


1/ Labor requirements shown were developed from standard data. These requirements do not 
include breaking out boxes above 6-high stacks in storage rooms. 


Table 82.—-Comparative labor and equipment costs of 2 specified methods of moving 1,000 unpacked boxes of apples 
from storage to the packing line by use of clamp—type 2-wheel hand trucks and belt conveyors aY/ 


*, Labor and equipment required : Labor and equipment costs 
Method : 3 : : : . Total costs 

. Equipment . Wait . Total -E Labor wasne-t aseiced 

: Gaze t anese quipment: 2/ :Current:Assumed 


Three-man crew 
Two hand truckers move stacks 35 feet from : 
storage to build up a day's supply in bank : 
near the belt, then move to another job. : 
One man places boxes on belt to dumper and : : 9 
hand trucks stacks 15 feet to belt : 3/8.18 ; 1.36 4.85 ; 5.98 5-58 9.56 10.77 


One worker A 
One hand trucker wheels stacks 50 feet from: 
storage position to a place beside belt, 
then places boxes on belt to dumper. : 3 H 
Accumulator device used on belt : 4/ 6.66 : 60 3.33 : 3.94 3.83 Weta 8.60 


uy Costs do not include breaking out boxes above 6<-high stacks in storage rooms. 
2/ Computed from "current" wage rates. 

3/ Clamp-type 2-wheel hand truck 4.85 machine-hours, 140-foot belt conveyor 3.33 machine-hours, total 
8.18 machine-hours. 

4/ Clamp-type 2-wheel hand truck and 140-foot belt conveyor 3.33 machine-hours each, total 6.56 machine-hours. 
No allowance included for accumlator device. 


important is the reduction in the number of men required for this work. 
Although the method using a belt conveyor accumulating device might permit 
one hand trucker to supply the dumper, its use would be limited if the 
distance from the belt to the storage point is greater than 50 feet. The 
distance the fruit is hand trucked from storage points to the belt conveyor 
may vary considerably during a day. Therefore, although one hand trucker 
might be able to handle the work at one time, he might not be able to keep 
up with the packing line if the distance became greater. The widely used 
method of building a temporary bank of supply by a 2-man crew affords 
management a rather standard procedure to offset the effects of changing 
transportation distances. However, the installation of an accumulator 
device would be beneficial in most plants since it should bring about the 
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consolidation of what otherwise would be idle time into intervals long 
enough to permit other productive work to be done. 


Clamp-Type 2-Wheel Hand Trucks and Floor Chain Conveyors 


Hand trucks and floor chain conveyors are used in only a few Washington 
State plants for moving boxes of apples from storage to the packing line. 
None of these plants use this equipment for the standard distance of 190 
feet. Usually floor chains are used only to supply mechanical dumpers. 
However, they could be used to supply a manual dumper. The length of a 
floor chain conveyor used for supplying a dumper is rarely more than 
50 feet. 


The current method of supplying the packing line by use of a floor 
chain conveyor involves the use of hand trucks for transporting stacks to 
the conveyor. Workers build a temporary bank of supply near the floor 
chain conveyor and another worker places the stacks on the floor chain. 

A second method, which is not in use, is to use a hand trucking crew of 
one or more men to place stacks on the conveyor and use it as an accumula- 
tion device. After filling the chain conveyor these workers could be 
assigned for a short period to other work. 


3-Man Crew Using Temporary Bank 


When a temporary bank of supply 
is built near the floor chain conveyor, 
two workers hand truck 6-high stacks 
of boxes from storage 170 feet toa 
temporary bank in the dumping area. 
After accumulating part or all of a 
day's supply, these hand truckers are 
assigned to other work. One hand 
trucker in the dumping area moves the 
stacks from the temporary bank 20 feet 
to the floor chain conveyor, thus con- 
tinuously supplying the dumper (fig. 90). 


Wait time by use of this method 
makes up almost one-third of the total 
labor required. Total labor required 
is 7.28 man-hours per 1,000 boxes of 
which transportation requires 3.31 
man-hours or 45 percent of the total 
(table 83). Figure 90.--Hand trucking a 

stack to a floor chain from 
a temporary storage bank. 
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Table 83.--Labor required for a 3-man crew to move 1,000 unpacked boxes of apples from storage to 
the packing line by use of clamp-type 2-wheel hand trucks and floor chain conveyor ay 


: :Productive: Fatigue : Wait: Toval 
Operations Workers ; labor :allowance: time : labor 


oo loo 


Number : Man-hours Man-hours Man-hours Man-hours 


— — eS 


Pick up 6<high stacks by use of hand trucks 3 2 0.29 0.03 0.0 0.32 
Transport 170 feet to temporary bank : 2. 3 3.01 30 20 3.31 
Release stacks at temporary bank cae 229 03 00 32 
Pick up 6=high stacks at temporary bank by use 3 
of hand trucks 7 Ls 229 203 <0F 052 
Transport 20 feet to floor chain s ok : 245 205 0 250 
Release stacks on floor chain ee eee 024 202 2.25 200k 
Total man-hours : : 4.57 46 2.25 7.28 


iy, Labor requirements do not include breaking out boxes above 6=high stacks in storage 
rooms. 


2-Man Crew Using Conveyor as an Accumulator 


A floor chain conveyor-hand-truck method that might be used for moving 
fruit to the packing line would be to use the floor chain as accumulation 
space for stacks of boxes. This method should permit all productive work 
to be performed at a normal pace and at one time, thus avoiding delays. 

By this method two workers would hand truck stacks 170 feet from the stor- 
age and release them on the floor chain conveyor. A 50-foot length of 
chain conveyor would provide space for approximately one hour's supply of 
fruit. After filling the chain, the two hand truckers would be assigned 
to other work such as carloading or breaking down stacks. 


This method should reduce the total labor required to 3.89 man-hours 
per 1,000 boxes, or 47 percent less than the common method (table 8h). 
Wait time is eliminated and the elapsed time is reduced below the rate at 
which the dumping machine operates, or 1.95 hours compared with 3.33 hours 
per 1,000 boxes. 


Table 84.--Labor required for a 2=-man crew to move 1,000 unpacked boxes of apples from storage to 
the packing line by use of clamp=-type 2-wheel hand truck and floor chain conveyor a/ 


eel PP OGUCTLVET matlouelt-s Nai tm ie Total 
Operation SWosiere: roductive: Fatigue ; Wait : To 


$ : labor :allowance;: time; labor 

~Number ; Man-hours Man-hours Man-hours Man-hours 
Pick up 6-high stacks by use of hand truck : 2 6: 0.29 0.03 0.0 0.52 
Transport 170 feet to floor chain conveyor : 2 3: .3,01 250 20 3.31 
Release stacks on floor chain conveyor : (ase 224 202 Ae) 2 26 
Total man-hours ee en £35 .0 3.89 


1/ Labor requirements do not include breaking out boxes above 6—high stacks in storage 
rooms, 


are 
Comparison of 3-Man Crew and 2-Man Crew 


By use of the 2-man crew for moving fruit to the packing line in which 
the floor chain conveyor serves as an accumulator, labor requirements might 
be reduced from 7.28 man-hours to 3.89 man-hours per 1,000 boxes (table 85). 
This represents a dollar saving of 38 percent at current wage rates. In 
addition, the crew size would be reduced from three to two men. The same 
crew could be used to break out high-piles for there is sufficient time to 
add this operation to their duties. Thus, the use of the chain conveyor as 
an accumulator should even out the work load and consolidate time that 
might otherwise be idle. 


Table 85.--Comparative labor and equipment costs of two specified methods of moving 1,000 unpacked boxes of apples 
from storage to the packing line by use of clamp-type 2-wheel hand trucks and floor chain conveyor 1/ 


Labor and equipment required ‘* Labor and equipment costs 
Method : : 3 : : Total costs 
Equipment , Wait , Total equipment; 14°F :turrent:Assumed 
time ; time , labor . : 2/ : wages : wages 


;Machine-houre :Man= ours Man-hours: Dollars “Dollars Dollars Dollars 


Three-man crew : 
and truckers move stacks 170 feet from : 
storage to build up day's supply in bank 
near floor chain conveyor. One man hand ; 
trucks 20 feet from bank and releases on : : : 
chain : 3/ 10.61 : 2.25 7.28 3 241 8.38 10.49 12.30 


Two-man crew 
Two hand truckers place stacks on a floor ;: : 
chain 170 feet from storage. (Approxi- : : 
mately an hour's supply.) Hand truckers” : : 
then move to another job. Later fill up : : : 
chain again : 4/ 7.22 ; 20 3.89 : 2.02 4.47 6.49 7.47 


y Costs do not include breaking out boxes above 6-high stacks in storage rooms. 
/ Computed from "current" wage rates 

3/ Clamp-type 2-wheel hand truck 7.28 machine-hours, 50-foot floor chain conveyor 3.33 machine-hours, total 
10.61 machine-hours. 


4/ Clamp-type 2-wheel hand truck 3.89 machine-hours, S0-foot floor chain conveyor 3.33 machine-hours, total 
7.22 pachine-hours. 


Clamp-Type 2-Wheel Hand Trucks, Floor 
Chain Conveyor and Stackbreaker 


One Washington State apple plant uses a stackbreaker in combination 
with floor chain conveyors and hand trucks to supply a special mechanical 
dumper that dumps single boxes. Six-high stacks first must be broken down 
before boxes are fed into this dumper. 


By use of this combination of equipment the same procedure for supplying 
the packing line is followed as when hand trucks and floor chain conveyors 
are used without the stackbreaker. Fruit is moved from storage either by a 
crew accumulating a bank of supply near the floor chain conveyor or by 
workers who place stacks on the conveyor. The work elements and labor 
requirements are identical to those shown in tables 83 and 84. Because of 
increased equipment costs, a cost analysis is presented in table 86. 
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Table 86.--Comparative labor and equipmemt costs of 2 specified methods of moving 1,000 unpacked boxes of apples 
from storage to the packing line by use of clamp—type 2-wheel hand trucks, 
floor chain conveyor, and stackbreaker 1/ 


Labor and equipment costs 
Total costs 


Labor and equipment required 


Method 


Equipment * Wait * Total * Labor | 


tine : fine : labor pouua omeues 2/ Coe rent Az euneS 


Three-man crew 5 
Two hand truckers move stacks 170 feet from : : 8 
storage to build up a day's supply in bank : : : 
near floor chain conveyor. They then move : 3 

to another job; 1 man hand trucks 20 feet 
from bank to chain 2.25 7.28 


3/ 13.94 4.47 8.38 12.85 14.66 


ee ee 08 oe 
oe oe 08 ae 


Two-man crew 
Two hand truckers place stacks on a floor 
chain 170 feet from storage. (Approxi- 
mately an hour's supply.) Hand truckers 
then move to another job. Later fill up : 
chain again : 4/ 10.55 


20 3.89 


2+ 00 00 00 06 ae 


1/ Costs do not include breaking out boxes above 6-high stacks in storage rooms. 
2/ Computed from “current” wage rates. 


3/ Clamp-type 2-wheel hand truck 7.28 machine-hours, stackbreaker 3.33 machine-hours, 50-foot floor chain 
conveyor 3.33 machine-hours, total 13.94 machine-hours. 


4/ Clamp-type 2-wheel hand truck 3.89 machine-hours, stackbreaker 3.33 machine-hours, 50-foot floor chain 
conveyor 3,33 machine-hours, total 10.55 machine-hours. 


By use of the temporary bank method, stacks are hand trucked from 
storage to a bank near the floor chain where they are moved by another 
hand trucker to the floor chain conveyor. As the stacks move along the 
chain, they are fed into stackbreaking machine which breaks down the 
ie and permits one box at a time to move into the dumper mechanism 

fie .291L). 


Figure 91.--Stacks moved from a temporary bank on the 
floor chain conveyor are fed into a stackbreaker. 
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A saving of about 30 percent may be realized by using the accumulator 
method. Equipment costs in both methods are considerably higher than 
they are when the stackbreaker is not used. 


Clamp-Type 2-Wheel Hand Trucks, Belt Conveyor, 


Stackmaker, and Floor Chain Conveyor 34/ 


One Washington State plant uses a combination consisting of hand trucks, 
belt conveyors, stackmaker, and floor chain conveyor to move fruit to pack- 
ing line. Stacks are hand trucked from the storage point 35 feet to a bank 
beside the belt conveyor. Another worker hand trucks the fruit 15 feet and 
places single boxes on the belt. The belt conveyor feeds the boxes into & 
stackmaker where they are built into 6-high stacks, are moved out of the 
stackmaker onto a floor chain conveyor, and are moved onto a stackdumper. 


The methods used in this combination of equipment are the same as 
those described when hand trucks and belt conveyors are used without other 
types of equipment to supply the packing line. Work elements and labor 
requirements are identical to those shown in tables 80 and 81. For this 
reason, @ cost analysis only is shown in table 87. 


Table 87.--Comparative labor and equipment costs of 2 specified methods of moving 1,000 unpacked boxes of apples 
from storage to the packing line by use of clamp-type 2-wheel hand truck, belt conveyor, stackmaker, and 
floor chain conveyor 1/ 


Labor and equipment required ; Labor and equipment costs 
Method : : : ; ; : 7 Total costs 
* Equipment ‘ Wait * Total °* * Labor 
; ae : time = Labor zEquipment : 2/ :Current :Assumed 


: $ : : : : Wages : wages 
:Machine-hours:Man-hours Man-hours: Dollars Dollars Dollars Dollars 


. 
: 


Three-man crew : 
Two hand truckers move stacks 35 feet from : 
storage to build up a day's supply in bank: : ep 
near the belt. They then move to another : 2 
job; 1 man hand trucks stacks 15 feet to : 3 : 
belt and places boxes on belt to dumper : 3/ 14.84 : 1.36 4.85 : 7.27 5.58 12.85 14.06 


One worker 3 
One hand trucker wheels stacks 50 feet : 
from storage position to a position beside: 
belt. He then places boxes on belt to 
dumper : 4/ 13.32; 260 3.55 : 7.23 3.83 11.66 11.89 


ee oe oe oe 
eo ee 


1/ Costs do not include breaking out boxes above 6<-high stacks in storage rooms. 

y Computed from "current" wage rates. 

3/ Clamp-type 2-wheel hand truck 4.85 machine-hours, 140-foot belt conveyor 3.33 machine-hours, stackmaker 
3.33 machine-hours, 10-foot floor chain conveyor 3.33 machine-hours, total 14,84 machine-hours. 

4/ Clamp-—type 2-wheel hand truck, 140-foot belt conveyor, stackmaker, and 10-foot floor chain conveyor 
3.33 machine hours each, total 13.32 machine-hours. 


34/ Stackmaker generally used in receiving. When used in storage to 
line it is estimated to operate 350 hours instead of 150 as shown on cost 
summary in Appendix. New cost of $0.87 per hour when stackmaker is used 
in storage to line based on 350 hours of use, $2,500 capital cost, and 
15 years depreciation. 
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The costs of both methods are relatively high, for the equipment cost 
is increased with the inclusion of a stackmaker and floor chain conveyor. 
Equipment costs by either method are greater than labor costs. 


Clamp-Type 2-Wheel Hand Trucks and Elevator 


Washington State apple plants that use hand trucks and elevators for 
receiving fruit do not, as a rule, use these elevators for moving fruit 
from storage to the packing line. Usually a belt conveyor is used in 
place of elevators. However, one plant in which studies were made used 
the elevator to move fruit to the packing line part of the time. 


When an elevator is used, fruit is hand trucked by two workers from 
storage into the elevator, the elevator moves the fruit to the off-loading 
floor, and it is again trucked to temporary storage in the dumping area. 

A third worker is used to keep the dumper supplied from the temporary 
supply bank. 


Hand truckers move the 6-high stacks 70 feet from the storage point 
into a single elevator. The elevator moves the fruit to the off-loading 
floor where the same two hand truckers move the fruit from the elevator 
100 feet to the temporary bank of supply in the dumping area. These two 
workers repeat this cycle of operations until a day's supply of fruit is 
accumulated at the dumping area and are then assigned to other jobs. One 
hand trucker moves the fruit 20 feet from a temporary bank to the dumper. 


A total of 8.51 man-hours of labor per 1,000 boxes is required to 
move fruit from storage to the packing line by this method (table 88). 


Table 88.--Labor required for a 3-man crew to move 1,000 unpacked boxes of apples from storage to 
the packing line by use of clamp-type 2-wheel hand truck and elevator a, 


3 :Productive: Fatigue : Wait : Total 


Method ;Workers, labor :allowance: time : labor 


Number ; Man-hours Man-hours Man-hours Man-hours 


ee a 


Pick up 6-high stacks in storage by use of : : 


hand trucks 2 0.29 0.03 0.0 0.32 
Transport 70 feet into the elevator se 1.31 «LS 2/ ~.06 1.50 
Release stacks in elevator er 229 203 Ae) 252 
Elevator cycle 3/ : 2 ¢ 220 0 220 40 
Pick up 6-high stacks in elevator by use of : 

hand trucks 2 2 oo: eee 203 20 2352 
Transport 100 feet to a bank near the dumper 2 ; 1.82 18 20 2.00 
Release stacks in bank He eB 229 203 20 232 
Pick up 6-high stacks in bank by use of a hand : 

truck ee 229 203 20 52 
Transport 20 feet to the dumper 2 el 045 205 ae) -50 
Release stacks at dumper 1 224 202 2.25 ROL 

Total man-hours 2 = 3 5.47 A) 2.51 8.51 


a/ Labor requirements do not include breaking out boxes above 6—high stacks in storage 
rooms. 

2/ Wait time caused by crew interference. 

3/ Vertical transportation distance is not included. 
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Almost one-half of this total labor was required for transporting fruit. 
Thirty percent of the total labor was wait time. 


Total labor and equipment costs on the basis of current wage rates 
are $18.30 per 1,000 boxes (table 89). About one-half of these costs are 
equipment costs, which largely are elevator costs. It is possible with 
certain elevator installations that these costs could be reduced, but it 
is unlikely that this combination of equipment could compete costwise with 
other combinations of equipment in moving fruit from storage to the 
packing line. 


Table 89.--Labor and equipment costs for a 3-man crew to move 1,000 unpacked boxes of apples to the packing 
line by use of clamp-—type 2-wheel hand trucks and elevator 1 


Labor and equipment required : Labor and equipment costs 
Method : : : : Total costs 
Equipment , Wait , Total Bautpment: Labor .Gurrent:assumed 
time . time , labor 


= : Wages ; wages 


Two hand truckers move stacks 70 feet 

from storage to elevator, then 

100 feet from elevator to bank near 

dumper. After moving a day's supply 

they move to another job. One man 

hand trucks 20 feet to the dumper : 2 g 

from the bank 3/ # 4/ 11.10» <: 92651 8.51 : 8.51 9.79 18.30 20.42 


1/ Costs do not include breaking out boxes above 6-high stacks in storage rooms. 

2/ Computed from "current" wage rates. 

3/ Vertical transportation distance is not included. 

4/ Clamp-type 2-wheel hand truck 8.51 machine-hours, &,000-pound capacity elevator 2.59 machine-hours, 
total 11.10 machine-hours. 


Breaking Out Unpacked Boxes of Apples from High Piles 


Most Washington State apple plants store part of the fruit in stacks 
higher than the 6-high stacks handled by use of clamp-type hand trucks. 
High-piling, or stacking boxes of fruit more than 6 high in plants that 
do not use industrial-lift trucks, has previously been discussed. When 
the fruit is moved out of storage by use of equipment other than industrial- 
lift trucks, the high pile must be broken down to the 6-high stacks, and the 
boxes removed from above this height must be built into 6-high stacks. 


Breaking down the high pile is an operation that may be performed 
simultaneously with moving fruit to the packing line, or it may be per- 
formed slightly in advance of these operations. In either case, the 
methods of breaking down high piles and the work involved are the same. 
As the fruit is moved from the high pile, it is placed in temporary stor- 
age near a conveyor belt or an elevator, depending on which type of 
equipment is used for subsequent operations. 


The operation of breaking boxes out of high piles is the reverse of 
high-piling. Boxes are lowered rather than elevated. Stackbreaking is 
performed by a relatively small crew of workers who usually are more 
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experienced than the high-piling crews, since stackbreaking is carried on 
during the entire packing season. Stackbreaking is performed more inter- 
mittently than high-piling, because the packing line sets the pace for the 
operation. 


A 2-man crew is used to break down high-piled stacks to 6 high. One 
worker standing on a bench or on top of 6-high stacks lifts and hands 
boxes down to a worker on the floor. These stacks are hand trucked to a 
temporary storage bank. When the storage bank has been built, the crew 
is assigned to other work. : 


As with high-piling, manual breaking out of boxes from high piles is 
fatiguing work. Since one worker must stand either on a bench or on top 
of 6-high stacks and lower the boxes to a worker on the floor, there is 
considerable reaching and stooping involved. Moreover, this method of 
lowering boxes of fruit is conducive to rough handling. This manual method 
of stackbreaking has been improved by use of the mechanical high-piler 
developed through the research program. 


Breaking out boxes from high-piled stacks is an important part of the 
job of moving apples to the packing line. When high-piled 12 boxes high, 
40 percent of the total labor required to move apples to the packing line 
is accounted for in breaking down stacks (table 90). Thirty-three percent 
of the total labor is used in breaking down stacks when the boxes have 
been stacked 10 high. 


Table 90.--Comparative labor requirements for breaking out of stacks of specified heights and moving 
1,000 unpacked boxes of apples from storage to the packing line by use of manual 
break out method, 2-wheel hand trucks, and belt conveyor 1/ 


Labor requirements 


Operation ;Workers. 10-box high : Percent : 12-box high : Percent 
: : stacks 2/ : of total : stacks 2/ :of total 
;Number : Man-hours : Percent ; Man-hours ; Percent 


Breaking out high-piled boxes 3/ : Cie: 1.75 B 33 ; 2.42 : 40 
Transport 6-high stacks from storage point to s e : 3 : 
temporary bank near belt conveyor 4/ eee 1552 : 28 : ala : 25 
Transport 6-high stacks from temporary bank to : : : : 
the belt and place boxes on the belt 5/ : 1: 2.07 : 39 : 2.07 : 35 
Total Se : 5.34 : 100 3 6.01 ; 100 


1/ Moving boxes from storage to line includes: (1) Breaking out high-piled boxes and building 6-high 
stacks, (2) transporting to a bank near the belt conveyor, and (3) moving from the bank to the belt and 
placing boxes on the belt. 

2/  Man-hours shown are the productive time required plus fatigue allowance and crew interference. 

3/ Boxes are manually lifted from the high-piled stacks and built into 6-high stacks on the floor. 
From 10-high stacks 400 of the 1,000 boxes are broken out or removed from the high pile. From 12-high 
stacks 500 of the 1,000 boxes are broken out. 

4/ Boxes are transported 35 feet from the storage point to the temporary bank. Includes pick up and 
release of stacks, 

5/ One worker transports the 6-high stacks 15 feet from the temporary bank to the belt and places the 
boxes on the belt. Includes pick up and release of stacks. 
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Breaking Out Boxes Manually 


Boxes are broken out manually from high piles by one worker standing 
on top of a bench or on top of 6-high stacks, and handing boxes down to 
another worker standing on the floor, who places them on the floor in 
stacks 6 high to be hand trucked 
away (fig. 92). Boxes from 9-high 
stacks are always broken out from 
@ bench. 35/ Ten-high stacks may be 
broken out either by the worker 
standing on a bench or on top of 
the stacks. Stacks more than 10 
boxes high usually are broken out by 
workers standing on top of the stack. 
The crew size and arrangement, 
whether the fruit is broken out from 
a bench or from the top of 6-high 
stacks, is the same. 


The labor required to break out 
1,000 high-piled boxes ranges from 
4.20 to 4.83 man-hours, depending on 
the height of the stack. 36/ The 
labor required for breaking out high- 
piled boxes may be stated in two 
different ways; in terms of the total 
number of boxes broken out, or in 
terms of the total number of boxes 
moved to the packing line. Where 
boxes are stacked 12 high, 50 per- 
cent of the boxes moved to the 
packing line are broken out. Where 
Figure 92.--Manually breaking out high- stacked 10 high, 40 percent of the 

piled boxes of apples. boxes are broken out of high piles. 


For breaking out boxes from 12-high stacks, 4.83 man-hours of labor are 
required per 1,000 boxes broken out (table 91). The elapsed time required 
to break out boxes from high piles ranges from 0.70 to 1.21 hours per 1,000 
boxes moved to the packing line, depending on the height of the stack 
(table 92). 


35/ Nine-high stacks in storage were not widely used. Data on break- 
ing out boxes from 9-high stacks were developed from elements of other 
operations. 

36/ No studies were made of high-piling and breaking out 7 and 8 boxes 
high which can be done by one man from the floor. 
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Table 91.--Comparative labor requirements for a 2-man crew to manually break out 
1,000 unpacked boxes of apples from stacks of specified heights AW 


; Productive : Fatigue : Total 
Height of stack : labor A allowance: labor 
: Man=-hours Man-hours Man-hour s 
9 boxes high 2 3.65 0.55 4,20 
10 boxes high 3.65 Py {3 4.38 


12 boxes high 4/ 4,03 80 4,83 


1/ Labor requirements do not include moving fruit to the packing line. 
ey Three boxes from each 9-high stack are broken out. 

/ Four boxes from each 10-high stack are broken out. 
4/ Six boxes from each 12-high stack are broken out. 


Table 92.—Comparative labor and elapsed time required for a 2-man crew to manually 
break out a total of 1,000 unpacked boxes of apples and to break out the 
proportion of each 1,000 boxes moved to the packing 
line when stacked to specified heights 


: Labor required : Labor required ; Elapsed time 
Height of stack : per 1,000 boxes ; per 1,000 boxes : per 1,000 boxes 
: broken out  ;: moved to line ; moved to line 
Man-hours Man-hours : Hours 
9 boxes high : 4,20 L240 : 0.70 
10 boxes high : 4.38 2/ 1.75 : 88 
12 boxes high : 4,83 B/ 2.42 : gba 


e 
e 


1/ Labor required for breaking out 333 boxes. 
2/ Labor required for breaking out 400 boxes. 
3/ Labor required for breaking out 500 boxes. 


The cost of the manual method of breaking out boxes from high piles 
at current wage rates ranged from $1.61, when broken out of 9-high stacks, 
to $2.78, when broken out of 12-high stacks, per 1,000 boxes moved to the 
packing line (table 93). All of this cost is labor cost. 


Table 93.--Comparative labor costs for a 2=-man crew to break out boxes of apples 
manually from stacks of specified heights based on 1,000 unpacked 
boxes moved to the packing line 


Total : Total cost 


Height of stack Pee : labor ; Current ; Assumed 
ime; required ; wages ; wages 


: ours ; Man-hours : Dollars Dollars 
9 boxes high (333 boxes broken out) : 0.70 : 1.40 SLO. 1.96 
10 boxes high (400 boxes broken out) : 600 eae eto : 2.01 2.45 
12 boxes high (500 boxes broken out) : 1.2 : £2.42 2 2e73 3.39 


mally koe 
Breaking Out Boxes by Use of Mechanical Lift 


The mechanical method of breaking out boxes from high piles resulted 
from the development of a mechanical high-piler. The mechanical high- 
piler breaks out boxes from the stacks by grasping and lifting the high- 
piled boxes which then can be pulled back with the high-piler and lowered 
to the floor. Breaking stacks by the high-piler is not as rough on the 
fruit and is not as fatiguing as the manual method. Moreover, use of the 
mechanical method reduces the number of workers required for moving fruit 
to the packing line. 


2-stack lift.--To break out boxes from a 9-high stack, the 2-stack 
high-piler is pushed forward toward the high stacks and the top three 
poxes from the two stacks are elevated. The high-piler is pulled back, 
and the boxes are lowered to the floor. From adjoining stacks, three 
additional boxes are removed from each of two stacks and placed on top of 
the first boxes broken out, thus building two stacks of six each. Stacks 
are then 6 high and are ready for hand trucking to the temporary storage 
bank or the belt conveyor. 


The 9-high stackbreaking operation might begin by lifting six boxes 
off the stacks, or the 9-high stacks might be broken into one 4-high and 
one 5-high stack and hand trucked to the belt conveyor in loads of these 
sizes. The latter procedure is unlikely. 


Ten-high stacks are broken down by dividing the pile into two 5-high 
stacks (fig. 93). The high-piler is pushed forward, the top five boxes 


Figure 93.--The high-piler pushed into Figure 94.--The load being pulled free 
place and two stacks being lifted from the two bottom stacks. After this 
enough to clear the lower stacks. the stacks are lowered to the floor. 
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in two stacks are gripped and elevated, and the high-piler is pulled back 
to deposit the boxes on the floor (fig. 94). In a 12-high operation, the 
high piles are divided into two stacks of six boxes each and the stacks 
are handled as in the 10-high operation. 


As shown in table 94, a total of 0.93 man-hour of labor is required 
to break out 1,000 boxes from 12-high stacks by use of the 2-stack 
mechanical high-piler. A total of 4.83 man-hours of labor are required 
by use of the manual method. The mechanical method requires only 0.47 hour 
elapsed time--about one-third the 1.21 hours required for the manual method. 


The mechanical high-piler is relatively more efficient for breaking 
down high piles than for high-piling. Also, the fruit-moving crew is 
reduced by one man. 


Table 94.--Comparative labor and elapsed time required for 1 worker to break out 
1,000 unpacked boxes of apples from stacks of specified heights 
by use of a 2-stack portable mechanical lift 


: Labor required : Labor required : Elapsed time 

Height of stack : per 1,000 boxes : per 1,000 boxes : per 1,000 boxes 

: broken out : moved to line : moved to line 
3 an-hours Man-hours 3 Hours 
9 boxes high : 2.47 1/ 0.82 : 0.82 
10 boxes high : 1,31 ef be 2 -52 


12 boxes high : 93 3/47 3 247 


Labor required for breaking out 400 boxes. 


y Labor required for breaking out 333 boxes. 
z) Labor required for breaking out 500 boxes. 


Single-stack lift.--Late during the 1951-52 season, a 6-box high-piler 
was developed which operates similarly to the 12-box machine (figs. 95 and 
96). When boxes are broken out of 12-high stacks, use of the single-stack 
high-piler requires additional elapsed time of approximately 0.30 of an 
hour per 1,000 boxes moved to the packing line. Labor requirements are 
1.54 man-hours to break out 1,000 boxes compared with 0.93 man-hour for 
the 2-stack high-piler (tables 94 and 95). The extra capacity of the 
2-stack machine may be a means of achieving a better balanced handling 
operation. However, the larger machine is slightly heavier and is not as 
maneuverable as the smaller machine. The single-stack high-piler has an 
advantage over the larger machine when moved from location to location, 
particularly if moved up and down stairways. Actually, the comparative 
advantages of the two high-pilers cannot be determined until more commercial 
experience has been obtained. 


Figure 95.--The single-stack mechanical 
high-piler. 


Table 95.--Comparative labor and elapsed time required for 1 worker to break 1,000 unpacked boxes of 


Figure 96.--The single-stack machine 


lowering a stack of boxes. 


apples from stacks of specified heights by use of a single-stack portable mechanical lift 


Labor required 
per 1,000 boxes 
broken out 


Height of stack 


ee os coffee oo oo 


Man-hours 
9 boxes high 3-37 
10 boxes high 2 Oslo 
12 boxes high : 1.54 


ay Labor required for breaking out 333 boxes. 
2/ Labor required for breaking out 400 boxes. 
3/ Labor required for breaking out 500 boxes. 


Labor required 

per 1,000 boxes 

moved to line 
Man-hours 


09 08 06 ce 08 estes co o 


Elapsed time 
per 1,000 boxes 
moved to line 

Hours 


1.12 
85 
“TT 


- 182 - 


Comparison of 2-stack and single-stack lifts.--The comparative 
efficiency, based on labor and equipment costs, of the 2-stack and single- 
stack mechanical high-pilers is shown in table 96. 


Table 96,.--Comparative labor and equipment costs for breaking out the required volumes from each 1,000 unpacked 
boxes of apples moved to the line from stacks of specified heights by 
use of specified types of mechanical lifts 


=". -) -- ..\ |) Sasi gaeagegmlabor randiequipment = sll lu. lc enn Gua) kana nn 
: Labor and equipment : Labor and equipment costs 


Elapsed zoquseed 
Height of stack and type of equipment 2 : - : : Total-- : Total— 
time - Equipment { Total ‘°, * Labor * Es 
; tine fi acoe eHaet ponent: ae current : assumed 


swage rates: wage rates 
Dollars 


Dollars 


9 boxes high (333 boxes broken out) : : ae e 
2-stack lift : 0.82 : 0.82 : 0.82 : 0.48 


0.94 1.42 1.63 

Single-stack lift sibs l2i is Toes s 2.22 3 66 124 1.95 2.25 
10 boxes high (400 boxes broken out) ; : : ; 

2-stack lift f° 602) 3 52 : 252 : ool 60 91 1.04 

Single-stack lift : 85 3: 85 : 85 : -50 98 1.48 1.69 
12 boxes high (500 boxes broken out) : : ; 

2-stack lift $= 247 47 : 247 : P=) 204 82 94 


Single-stack lift S elih s 077 : hil as 045 89 1.34 1.53 


1/ Computed from "current" wage rates. 


Breaking Out Boxes by Use of Gravity Conveyors 


This method of breaking down stacks involves the use of gravity-type 
roller conveyors to move the high-piled fruit from the stacks to a belt 
conveyor. By this method, the first row of stacks is broken down to 
approximately 4 boxes high, and a roller conveyor is piled on top of this 
row with the end of the conveyor near the high-piled boxes slightly ele- 
vated while the other end of the conveyor is attached to the belt conveyor. 
When breaking down from 10 high, the rows of stacked boxes next to the con- 
veyor are placed on the conveyor by a worker standing on the 4-high 
stacks (fig. 97). Boxes are given a slight push and they are then con- 
veyed by gravity to a worker at the intersection of the roller and belt 
conveyors (fig. 98). The worker at the belt conveyor turns the boxes of 
fruit from the gravity conveyor onto the powered belt conveyor, thus 
eliminating hand trucking and placing the boxes on the belt. Three or 
four rows of high-piled boxes can be broken down to 4 high before it is 
necessary to move the gravity conveyor. 


When boxes are broken out from l2 high, the gravity conveyor is 
inclined from the belt conveyor to 6-high stacks. The worker on top of 
the 6-high stacks follows the same procedure as previously described. 


A gravity conveyor can be used to break high-piled boxes only when 
the distance from the high-piled stacks to the belt conveyor is relatively 
short. If the distance is too great, the angle of incline of the gravity 
conveyor does not permit boxes to roll to the belt conveyor and considerably 
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Figure 98.--Roller inclined from high- 
piles to belt. Boxes go on belt to the 
dumping area. 


more time is required to move and 
set up the conveyor. In addition, 
use of the method assumes that boxes 
are stacked off the belt conveyor 
Figure 97.--Top man places high-piled near the dumping area. The boxes 
boxes on roller conveyor. Bottom man are hand trucked to a temporary 
turns boxes from roller to belt conveyor. bank and then to the dumper. Table 
97 presents a comparison of labor 
requirements for breaking out the 
required volumes from each 1,000 boxes and moving the 1,000 boxes to the 
packing line by use of roller conveyor and manual methods for breaking out. 


Table 97.--Comparative labor requirements for 2-man crew to break out the required volumes from 
high piles and move 1,000 boxes of unpacked apples from storage to 
packing line by use of 2 specified methods 


When broken out When broken out 


Type of equipment and description of operation § pe Oe OE obs Sake e em te big sieeme 


Boxes ; Labor Boxes Labor 
handled : required : handled required 


eo 06 
ee 06) 00 foe eo joo oo 


: Number ; Man-hours Number : Man-hours 
Breaking out by use of roller conveyor : " : 
Breaking out upper 6 boxes of stacks and placing : : : p 
boxes on belt conveyor : 600 : 1.33 s 500 : 1.33 
Hand truck lower part stacks 12.5 feet to belt 21/400 : .57 :2/500 :  .A7 
Place hand trucked boxes on belt conveyor : 400; 243 3 500: 04 
Total ee ae ee ee ee ee ee 
Breaking out manually using bench ‘ : ; : 
Breaking out upper part of stack and placing boxes ;: 5 G H 
in 6-high stacks >: 400 : 1.75 s 500 : 2.42 
Hand truck 6=high stacks 12.5 feet : 1,000 : 095 : 1,000 : 295 
Place hand trucked boxes on belt conveyor 71,000 =: 1.03 21,000 : 1.03 
Total ee oe) es ee 


1/ Hand trucked in unit loads of 4 boxes each. 
2/ Hand trucked in unit loads of 6 boxes each. 
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Comparison of Methods and Equipment for Breaking Out 
Boxes from High Piles 


As shown in table 98, plant operators should save $1.96 per 1,000 boxes 
moved to the packing line by substituting the 2-stack mechanical high-piler 
for manual methods. When the fruit is stored 9 high, the mechanical high- 
piler saves only $0.19 per 1,000 boxes. While the savings with a 9-high 
stack are not great, it must be recognized that the fruit is not handled as 
roughly and a smaller crew is needed. Thus, it probably would be desirable 
for a firm to use the mechanical high-piler in 9-high storage, provided the 
job is of sufficient volume. 


Table 98.--Comparative labor and equipment costs for breaking out, by use of specified methods, 
the required volumes from each 1,000 unpacked boxes of apples moved 
to the line when stacked to specified heights 1/ 


: Total labor and equipment costs based 


Method : ‘on current wage rates when stacked 
: 9 boxes ; 10 boxes : 12 boxes 
high : high 3 high 
ollars ollars Dollars 
Breaking out boxes manually by use of 2-man crew : 1.61 2.01 2.78 
Breaking out boxes mechanically by use of 2-stack 
lift and 1 operator : 1.42 Aceh 282 
Breaking out boxes mechanically by use of single-stack : 
lift and 1 operator 3 1.95 1.48 1.34 
Breaking out boxes by use of gravity roller conveyors 
and 2-man crew : - 2/ 1.42 1.19 


AF, Costs shown include labor and equipment costs. 
2/ Because of the method, 600 boxes are broken out of 10-box-high stacks for each 1,000 boxes 
moved to the packing line rather than the 400 boxes broken out by use of other methods. 


Comparative Labor Requirements, and Labor and Equipment 
Costs, of Various Methods of Moving Apples from Storage 
to the Packing Line When High-Piled Boxes Are Broken 

Out by Use of Manual and Mechanical Methods 


In previous discussions of various types and combinations of types of 
equipment used for moving unpacked boxes of apples from storage to the 
packing line, the labor and equipment requirements and cost data shown 
have not included breaking out boxes from high piles, or boxes from above 
the 6-high stacks handled as unit loads by use of hand trucks. Table 99 
shows for each of these methods the total labor requirements for moving 
1,000 unpacked boxes of apples to the packing line when 500 of the 1,000 
boxes are manually broken out of 12-box-high stacks. In the break-out 
operation, the upper six boxes in each stack are removed by use of 4 
2-man crew and are placed into 6-high stacks on the floor for pickup by 
hand trucks. As shown in table 99, use of a 2-man crew for manual break- 
out operations adds 2.42 man-hours of labor, per 1,000 boxes moved to the 
packing line, to the labor required when boxes are not broken out of high 
piles. In addition, inability to coordinate these operations fully 
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feble 99.--Comperative labor requirements for manually breeking out reouired volume of boxes from 12=box-high stacks end moving 1,000 unpnecked 
boxes of apples to the packing line by use of avecified methods and tynes of equipment 27) 


s Labo tred: - 
3 Ta t Increesed labor 
tPor manually :Additionel wett time: s requiremente 
Type of equipment and method ‘When boxes not: :breaking out :when manually break-: Totel for meanuelly 
{broken oat of : boxes from + ing boxes from : i breaking out 
;high piles 2/ thigh-niles 2/: high piles f i 
: Man-houre Men-heurs Man-hours Men-hours: Percent 
Clemp-tyne 2-wheel hand truck 
1. 2 workers break out high-piled boxes, 2 workers hand-truck ; 
6-high stacks 170 feet to temporary bank, 1 worker hand-trucke : : 
20 feet from bank to dumper 3 7-28 2.42 0.29 9.99 : 37.2 


Clemp-type ?-wheel hane_ trock and belt conveyor 
1. 2 workers break out high-niled boxer, ? workers hand-trnck 
6-high stacks 25 feet to temporary benk, 1 worker hand-trucks : 
15 feet from bank to conveyor and places boxes on belt : U.85 2.42 - 7-27 
2. 2 workers break out high-piled boxee. 1 worker hand-trucke : 
6-high stacks 50 feet to belt conveyor and places box on belt : 
(convéyor has accumulator device) : 5233 2.42 - etd. 8 72.7 


Clamp-type 2-wheel hand truc and floor chain conveyor : Hy 
1. 2 workers break out high-piled boxes, 2 workers hand-truck n 
6-high stacks 170 feet to temporary benk, 1 worker hand-trucks : : 
20 feet from bank to conveyor 3 7.28 he 229 9.99 : 37.2 
2. 2 workers break out high-piled boxes, 2 workers hand-truck : ‘ 
6-high stacks 170 feet to ond release on 50-foot floor chain : 
conveyor which serves es accumulstor : 3.89 2.42 35 6.66 : 71.2 


Clamp-type 2-wheel hand truck, floor chain conveyor, and : 3 
stackbreaker t : 


1. 2 workers break out high-pilea boxes, 2 workers hand-truck : 

6-high stacks 170 feet to temporary bank, 1 worker hand-trucks : H 

20 feet from bank and releeses on conveyor--conveyor feeds 7 2 

into stackbreaker--breaks down 6-high stacks t 7.28 2.42 +29 9.99 3 37.2 

2, 2 workers break out high-piled boxes, ? workers hand-truck 

6-high stecke 170 feet to and release on 50-foot floor chain 3 

conveyor which serves as accumulator, stackbreaker breaks : 

down 6-high stacke ' 3.89 2.42 35 6.66 : ise 
: 


Clamp-tyne 2-wheel hend truck, belt conveyor, stackmeker, and 


floor chein conveyor : 
1. 2 workers break out high-piled boxes, 2 workers hand-truck 1 


6-high stacks 35 feet to temporary bank, 1 worker hend-trucke 

15 feet to and places boxer on belt conveyor. Belt conveyor 

feeda boxes into ateackmeker which builds 6-high stecks and : 

releases on floor chain conveyor 3 4.85 2.42 - 7-27 
2. 2 workers breek out high-viled boxes, 1 worker hand-trucks : 

6-high stacks 50 feet to and places boxes on belt conveyor. 

Belt conveyor feeds boxes into stackmaker which builde 6-high : 

stacks and releases on floor chain t 3.33 2.4e - 5.75 : 72.7 


49.$ 


ee ee ae os ae we ee oe oe oe oe 


Clemp-type 2-wheel hand truck and elevator H 
1. 2 workers break cut high-piled boxee, 2 workers hand-truck : $ 
6-high stacks 70 feet into single elevetor. ride elevetor and : 1 
hand-truck 100 feet from elevator to temporery bank, l worker ; 3 
: 


hand-trucks 20 feet from bank to dumper 4/ t 8.51 2.42 - 10.93 28.4 


uf Transportation distance from storage stacks to dumper cyisinratead at yed at 190 “feet. : 
Labor required for picking un 6-high stacks of boxes in storage, transportation, end relessing stecke. In belt conveyor methods, 
Teed placing boxes singly on conveyor. Also includes wait time involved in performing these operations. 


Labor reauired to break out 500 boxes from 12-box high stacks. 
4/ Vertical transportation distance not included. 


increases the wait time when the manual break-out method is used in 
connection with five of the methods for moving the fruit from the storage 
point to the line. 


Manual break-out operations increase labor requirements by 28.4 to 
72.7 percent over requirements of the other methods--the lesser increase 
when using the elevator-and-hand-truck method, and the greater percent 
when using the belt-conveyor and hand-truck methods. The former general 
method has particularly high labor requirements aside from the break-out 
operation. 


However, the methods showing the greatest percentages of increase in 
labor requirements still maintain their relative positions as the methods 
requiring the least labor. The belt-conveyor-hand-truck method, with 
an accumulator device added to the conveyor, requires 5.75 man-hours of 
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labor per 1,000 boxes. The addition of a stackmaker and floor chain 
conveyor in this basic method does not change labor requirements and, 
considered only from the viewpoint of labor inputs, the methods using the 
stackmaker and floor chain conveyor are more efficient than others dis- 
cussed. The elevator-hand-truck method is least efficient with labor 
requirements of 10.93 man-hours per 1,000 boxes. 


Total labor and equipment requirements for moving 1,000 unpacked 
boxes from storage to the packing line by various methods, when half of 
the boxes are mechanically broken out of 12-box-high stacks, are shown 
in table 100. In all methods, breaking out the upper six boxes in 12-box- 
high stacks by use of the 2-stack mechanical high-piler adds 0.47 of a 
man-hour and 0.47 of a machine-hour to previous requirements. Moreover, 
the idle time of the high-piler and other equipment must be added. This 
idle equipment time results from the use of one of the hand truckers, 
already employed, for breaking out high-piled boxes. However, when 
boxes are mechanically broken out as they are moved to the line, wait 
time previously involved in two methods actually is reduced 0.47 of a 
man-hour. However, this reduction in wait time does not reduce the 
machine-hours required. 


The two methods in which wait time is reduced are those using hand 
trucks and belt conveyor, and this equipment in combination with a 
stackmaker and floor chain conveyor. No increase in labor requirements 
is involved when mechanical stackbreaking is added to the use of these 
methods. Labor requirements remain at 3.33 man-hours per 1,000 boxes. 
The method employing hand trucks and an elevator has the highest labor 
requirement, 8.98 man-hours per 1,000 boxes. 


Table 101 shows the labor and equipment costs for moving 1,000 unpacked 
boxes of apples to the packing line by the various methods, when half the 
boxes are broken out manually, and also when they are broken out mechani- 
cally. When one hand trucker stops at the storage stacks to break out 
boxes with the mechanical lift, equipment costs for some methods are 
sharply increased because of idle equipment time that must be charged to 
the operation. However, total labor and equipment costs are lower by all 
methods when breaking out boxes from high piles with the mechanical lift 
rather than manually. On the basis of current wage rates, the lowest cost, 
$8.33 per 1,000 boxes, is obtained by use of clamp-type 2-wheel hand 
trucks, floor chain conveyor, and mechanical high-piler. This method re- 
quires only two workers. The floor chain conveyor serves as an accumulator. 
The highest cost, $21.08 per 1,000 boxes, is obtained when using hand trucks, 
elevator, and manual break-out. Use of the mechanical lift reduces costs 
of this method only $0.08 per 1,000 boxes. 
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Table 101.--Conparative lebor and equipment costs for breaking out the required number of boxes from 12-high stecks and moving to the packing line 
1,000 unpacked boxes of apples by use of specified methods and types of ecuipment Ly 


Labor cost : Total cost : Total cost 


1 : 
Tyne of equinment and method 3 Zquipment + current wage : current wage : assumed wage 
: scey H rates t retes : rates 
: Dollars Dollars Dollars Dollars 
Hy 
Clamp-type 2-wheel hand truck 3 
1. 2 workers hand-truck high stacks 170 feet to temoorary bsnk, 1 worker hand- . 
trucks 20 feet from bank to dumper, and 3 
No boxes broken out from high pile 3 9.18 ee 8.55 10.37 
2 of the hand truckers manually break out boxes id fe erat 11.49 11.73 14.23 
2 of the hand truckers and mechanical lift break out boxes i 1.49 8.91 10.40 12.34 
H 
Clamp-type 2-wheel hend truck and belt conveyor 5 
1. 2 workere hand-truck 6-high stacks 75 feet to temporary bank, 1 worker hand- = 
trucks 15 feet from bank to conveyor and places boxes on conveyor, end 
No boxee broken out from high pile 7.98 5.58 9.56 10.77 
2 of the hend truckers manually break out boxos 2/ 4.04 8.36 12.40 1.21 
2 of the hand truckers and mechonical lift break out boxes 4.58 6.12 10.70 12.03 


2. 1 worker hand-trucks 6-high stacks 50 feet to belt conveyor and places boxes on 
belt (conveyor has accumulator device), and 

No boxes broken out from high pile 

2 workers manually break out boxes 

2 hand truckere ond mechanical lift breek out boxes 


Clamsm—type 2-wheel hand truck and floor chain conveyor 

1. 2 workers hend-truck 6-high stacka 170 feet to tempcrary dank, 1 worker hand- 
trucks 20 feet from benk to conveyor, and 
No boxes broken out from high pile 
The 2 hend truckers manually break out boxes 
The 2 hand truckers and mechanical lift break out boxes 

2. 2 workers hand-truck 6-high stecks 170 feet and release on 50-foot floor chein 
conveyor which serves as accumlator, and 
No boxes broken out from high pile 
The 2 hand truckers manually breek sut boxes 
The 2 hand truckere and mechanical lift break out boxes 


Clamp-typne 2-wheel hand truck, floor chain conveyor, and stackbreaker 
1. 2 workers hand-truck 6-high stacka 170 feet to temporary bank, 1 worker hand- 
trucks 20 feet from bank end releases on conveyor, conveyor feede into st-ckbreaker 


which breake down 6-high stacks, and 


t 
! 
t 
t 
ef (2517 11.49 13.66 16.16 
Hy 
t 
? 
tf 
No boxes broken out from high pile : u.47 8.38 12.85 14.66 
t 
t 
: 
: 
t 
: 
i 
t 
t 
t 


6 
2/ 2.09 7-66 9 
8. 


2 of the hand truckers manually break out boxes 16.92 18.52 

? hand truckers and mechenical lift break out boxet 5.78 8.91 14.69 16.63 
2. 2 workers hand-truck 6-high stecks 170 feet and release on §0-foot floor chain 
conveyor which serves as accumnletor, steckbrecker breaks stacks, and 

No boxes broken out from high pile 

The 2 hand truckers manually bresk out boxes 

The 2 hend truckers and mechanical lift bresk out boxer 


@ 
- 
tn 
a 
w 
tt 
6 


4 LT B85 9-83 
2f 4 7.66 52.17 12.77 
5 5.01 10.69 11.78 
Clamp-type 2-wheel hand truck, belt conveyor stackmaker, end floor chain conveyor 
1. 2 workers hand-truck 6-high atacke 25 feet to temporary bank, ] worker hend- 
trucks 15 feet to end pleces boxes on belt conveyor, which feeds into stackmaker. 
Stacks rebuilt 6-high and released on floor chain, and 
No boxes broken out from high pile 
2 of the hand trackers menually break out boxes 
2 of the hand truckers and mechanical lift break out boxes 
2. 1 worker hand-trucke 6-high stacke 50 feet to and places boxes on belt conveyor, 
which feeds into etackmaker. Stacks rebuilt 6high and released on floor chain. end 
No boxes broken out from high pile 
2 workers manually break out boxes 
The hand trucker and mechanical lift break out boxes 


27 5.58 12.85 14.06 
27 8.36 15.63 17.44 
33 6.12 15.45 _ 14.78 


3 3.83 11.06 11.89 
7.23 6.61 13.84 15.28 
3.83 12.48 13.31 


Clamp—type 2-wheel hand truck and elevator 
1. 2 workers hand-truck 6-high stacks 70 feet into single slevator, ride elevator 


end hand-truck 100 feet from elevator to temporary bank, 1 worker hand-trucks 
20 feet from benk to dumper, and 

No boxes broken out from high pile 

2 of the hand truckers manually break out boxes 

2 of the hend truckers and mechanical lift break out boxes 


8.51 9.79 18.30 20.42 
8.51 12.57 21.08 23.81 
10.67 10.33 21.00 23.24 


3 = 
1/ Cost data for mechenical break out of boxes from high pile covers uee of 2=stack norteble lift. Cost data for both manual and mechanical 


break out of boxes from 12-high stacke include breaking out 500 boxes of each 1,000 moved to nacking line, pick uv of 6-high stacks, transportation, 
end release at temporary bank or at dumper. Transportation distances standardized at 190 feet. 
2/ Increcsed because of 2.42 machine-hours of clamp-type 2-wheel hend truck time. 


Industrial Clamp-Type Truck 


As previously pointed out, with respect to handling unpacked boxes of 
apples, industrial-clamp trucks are of two sizes, handling 36 and 2 boxes, 
respectively. When these trucks handle packed fruit, the sizes of the 
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unit loads are reduced respectively to 30 and 20 boxes, because packed 
fruit weighs approximately 30 percent more than loose fruit. 


The relatively light weight of the smaller truck permits its use on 
floors in many storage plants that cannot support heavier equipment. This 
size truck also is quite maneuverable and can be operated where posts or 
other obstructions normally interfere with the operation of larger 
equipment. 


The industrial-clamp truck is used either to transport fruit directly 
to the dumper from storage or to build a bank of supply in the dumping 
area from which a hand trucker supplies the dumper. 


Industrial Clamp-Type Truck and Clamp-Type 
2-Wheel Hand Truck 


By this method, the industrial truck operator picks up fruit in 
storage, transports it 170 feet, and releases it in a temporary storage 
bank. A hand truck operator moves the fruit the remaining 20 feet as it 
is needed by the dumper. The labor required for performing this operation 
with a truck handling 24 boxes at a time is analyzed in table 102. 


Table 102,--Labor required for a 2-man crew to move 1,000 unpacked boxes of apples from storage 
to the packing line by use of clamp-type industrial truck and clamp-type 2-wheel hand truck 


?Productive: Fatigue: Wait: Total 
Operation ;Workers, Jabor :allowance: time : labor 
:Number : Man-hours Man-hours Man-hours Man-hours 


Pick up a 24-box unit load in storage by use 


of industrial clamp truck a 0.22 0.01 9.0 0.23 
Transport load 170 feet to a bank near the 
dumper 1 077 204 fe) 81 
Release load in bank 1 19 2O1 Ae] e-6) 
Pick up a 6-high stack in the bank by use of 
a hand truck 1 239 04 fe) 43 
Transport 20 feet to the dumper 1 045 004 oO 249 
Release load at the dumper 1 224 02 2.15 2.41 
Total man-hours - 2.26 216 2.15 4.57 


This method requires 4.57 man-hours of labor to move 1,000 boxes to 
the packing line, most of this being wait time by the hand trucker. It 
is assumed that the industrial truck operator moves to other assigned 
work after he has completed the bank of supply, avoiding wait time. If 
odd jobs were available to the hand truck operator, a 30- to 40-percent 
reduction in total labor requirements could be achieved. 


Industrial Clamp-Type Truck Alone 


By use of a second method, the industrial truck moves the fruit 
directly to the dumper, transporting the full distance of 190 feet from 
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storage. The industrial truck operator transports a unit load from storage 
and places it in position by the dumper. He then moves a second load from 
storage to the dumping area and delays positioning it until the first load 
is dumped. This cycle is repeated for subsequent loads. The work of the 
industrial truck operator is determined by the rate of dumping. The method 
requires 3.33 man-hours of labor and an equivalent number of machine-hours 
per 1,000 boxes (table 103), 63 percent of this being wait time. Some 
savings could have been made if the truck operator could intermittently 
perform other tasks or supply two packing lines. 


Table 103,--Labor required for 1 worker to move 1,000 unpacked boxes of apples from storage to 
the packing line by use of clamp-type industrial truck 


Se s:Productive: Fatigue : Wait :; 
Uperetson ;lorkers. ““iabor ;allowance:; time ; labor 


:Number = Man=hours “Wan-hours Man-hours Man-hours 


Pick up 24-box unit load in storage by use 


of industrial truck sp as OnKe 0.01 0.0 0.23 
Transport load 190 feet to the dumper ieee eee 283 204 Ae) 87 
Release the load behind the dumper ee 13 OL 2.09 2.25 

Total man-hours 2 = 1.18 206 2.09 3.33 


Industrial Clamp-Type Truck and Floor Chain Conveyor 


Each load of 24 boxes is released onto a section of dual floor chain 
conveyor in front of the dumper and the boxes are brought up to position 
for the dumper without additional labor by the truck operator. A 15-foot 
floor chain conveyor keeps the dumper supplied for approximately one-half 
hour, during which the industrial truck operator is free to do other work. 


The labor required to supply the dumper by this improved method 
requires 1.24 man-hours. This is less than the 3.33 or 4.57 man-hours 
that are required, respectively, by the other two methods of supplying 
the dumper (table 104). Furthermore, wait time is eliminated, and the 
allowance for fatigue is small because of mechanization. 


Table 104.--Labor required for 1 worker to move 1,000 unpacked boxes of apples from storage to 
the packing line by use of clamp-type industrial truck and floor chain accumlator 


:Productive: Fatigue : Wait : Total 
Operation Workers: labor ;:allowance: time : labor 
Number: Man-hours Man-hours Man-hours Man-hours 


Pick up a 24-box unit load in storage by uss 


of industrial truck : 1 0.22 0.01 0.0 0.23 
Transport load 190 feet to the dumper sad ~83 04 20 087 
Release the load on floor chain accumulator ; 

back of the dumper ae ee 013 2Ol AA) 14 


Total man-hours ever: .06 .0 1.24 


= Oia 
Comparison of Industrial Clamp-Type Truck Methods 


The method of supplying boxes to the packing line by an industrial- 
clamp truck with a floor chain conveyor serving as an accumulator reduces 
labor requirements 63 percent from the most efficient of the other two 
methods. The improved method reduces the amount of truck time more than 
enough to offset the added cost of a floor chain conveyor. Under some 
circumstances, installation of a floor chain conveyor might make the 
purchase of an additional clamp truck unnecessary. Comparative labor and 
equipment costs are shown in table 105. 


Table 105.--Comparative labor and equipment costs of moving 1,000 unpacked boxes of apples from storage to the 
packing line by use of 3 specified methods involving clamp-type industrial truck 


Labor and equipment required : Labor and equipment costs 


Method Se eee a eae Senet emai ee AS 
* Equipment * Wait * Total : ; > Labor ° Total costs 


time * time 


labor : Squipment; io) :Current:Assumed 
3 a = : Wages 3; Wages 
Dollars Dollars Dollars 


:Machine-hours:Man-hours Man- 


Industrial truck moves 24-box unit loads 

170 feet from storage to a bank near the 

dumper. Industrial truck goes to other 

jobs. Hand trucker moves 6-high stacks : : : 

20 feet to the dumper : a/ 4.57 :; 215 4.57 : 1.84 5.44 7.28 8.42 


Industrial truck moves 24—box unit loads 
190 feet from storage to dumper (truck : : é 
keeps pace with the dumper) : 3/ 3.33 ; 209 3.33 : 4.73 4.33 9.06 9.89 


Industrial truck moves 24-box unit loads 
190 feet from storage to a floor chain : : A 
accumulator behind the dumper : 4/ 4,57 : 0 1.24 : 2.92 1.61 4,53 4,84 


1/ Computed from "current" wage rates. 

a Clamp-type 2-wheel hand truck 3,33 machine-hours, 1,000-pound capacity electric industrial clamp-type lift 
truck 1.24 machine-hours, total 4.57 machine-hours. 

3/ 1,000-pound capacity electric industrial clamp-type lift truck 3.33 machine-hours. 

4/ 30-foot floor chain conveyor 3.33 machine-hours, 1,000-pound capacity electric industrial clamp-type lift 
truck 1.24 machine-hours, total 4.57 machine-hours 


Industrial Fork-Lift Truck and Pallets 


Industrial fork-lift trucks are used only in specially designed plants. 
Most of these plants are of new construction, but some are remodeled plants. 
In most cases, transportation areas are level and hard surfaced. However, 
differences occur in the transportation distances because of plant layouts. 


In most plants fork-lift truck operators can do additional work when 
supplying the packing line if the periods of inactivity are great enough 
to make it worthwhile to shift to other jobs. This stresses the need of 
laying out a fork-lift truck plant so that this time can be utilized. A 
number of plants use fork-lift trucks to bring pallet loads from storage 
and accumulate a supply of boxes on gravity roller conveyors or roller 
dollies at the dumper. After the loaded pallets are positioned, the fork- 
lift truck operator moves to other work. Management is generally aware of 
the possibilities in such plants for maximum use of the truck operator's 


time. 
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Industrial Fork-Lift Truck Alone 


By use of the fork-lift truck alone, pallet loads of 48 boxes are 
transported 190 feet from storage as they are used by the dumper. If the 
transportation distance is not too great, the lift-truck operator can do 
small odd jobs such as removing empty boxes from the dumper between cycles. 
However, the frequency with which unit loads must be brought to the dumper 
greatly limits this possibility. Therefore, it is assumed that for 190 
feet the lift-truck operator's time is fully spent supplying the dumper. 


By this method (table 106) of supplying the packing line directly 
with a fork-lift truck, 3.33 man-hours of labor are required to handle 
1,000 boxes. Eighty percent, or 2.66 man-hours of this labor is wait 
time. 


Table 106.--Labor required for 1 worker to move 1,000 unpacked boxes of apples from storage to 
the packing line by use of pallets and fork~-lift truck alone 


5 :Productive: Fatigue : Wait: Total 
Operation Workers. labor :allowance: time : labor 
:Number : Man-hours Man-hours Man-hours Man-hours 


es a 


Pick up pallet load of 48 boxes in storage by 


use of fork-lift truck sam 0.09 0.01 0.0 0.10 
Transport 190 feet to the dumper Ce agar 044 202 Ae) 0 46 
Release the load at the dumper eee 10 O01 2.66 Rollie. 

Total man-hours oe ee 204 2.66 3.35 


Industrial Truck and Gravity Conveyor Section 


The most widely used method by which fork-lift trucks move apples to 
the packing line involves the use of gravity conveyor sections in front 
of the dumper. These sections permit several unit loads of fruit to be 
accumulated at a time and there is sufficient fruit to keep the packing 
line supplied for about one-half hour. 


By this method, fruit is picked up in storage, transported 190 feet, 
and released on the gravity roller conveyor at the rate of 1,000 boxes 
per 0.67 of a man-hour (table 107). Most of this time is required for 
transportation. 


Table 107.--Labor required for 1 worker to move 1,000 unpacked boxes of apples from storage to 
the packing line by use of pallets, fork-lift truck, and gravity conveyor sections 


: :Productive: Fatigue : Wait: Total 
Operetaon een eES. labor ;allowance: time : labor 


:Number ; Man-hours Man-hours Man-hours Man-hours 


—_——— Seen ea 


Pick up unit load (48 boxes) in storage by use 


of fork-lift truck atl sees 0209 0.01 0.0 0.10 
Transport 190 feet to the dumper peel 244 202 0 46 
Release the load on the roller conveyors at 5 : 

the dumper sa : 10 Ol fe) Aut 

Total man-hours : oo 3 63 204 fe) shi/ 
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Comparison of Methods 


The method of moving apples to gravity conveyor sections at the 
packing line is the lowest cost method (table 108). Labor and equipment 
costs are approximately three times as much when the roller accumulator 
is not used. This saving is so important and obvious that most Washington 
State plants use the accumulator method. 


Table 108.--Comparative labor and equipment costs of moving 1,000 unpacked boxes of apples from storage to the 
packing line by use of 2 specified methods involving pallets and fork-lift trucks 


a Labor and equipment required : Labor and equipment costs 
Method Equipment * Wait * Total ie ‘ = Labor oe 
time : time > labor *#au pmen : 1/ : Current: assume 


: $ : Wages ; Wages 
:Machine-hours:Man-hours Man-hours: Dollars Dollars Dollars Dollars 


Move 48-box unit loads 190 feet from storage : 
to the dumper. Pallet loads released on 3 : 3 
floor behind dumper : @/4.00 : 2.66 3.33 : 8.94 4.33 13.27 14.10 


Move 48-box unit loads 190 feet from storage 
to the dumper. Pallets released on two 
15-foot gravity roller conveyor sections : 7 : 
which accumulate 4 pallet loads : 3/ 4.67 : 0 267 : 3,19 87 4.06 4.22 


af Computed from "current" wage rates. 


2/ 4,000-pound capacity electric fork-lift truck 3.33 machine-hours, 20.8 pallets (48-box) 0.67 machine-hours, 
total 4.00 machine-hours. 


3/ 4,000-pound capacity electric fork-lift truck 0.67 machine-hours, 20.8 pallets (48-box) 0.67 machine-hours, 
30 feet of gravity roller conveyor 3.33 machine-hours, total 4.67 machine-hours. 


Industrial Fork-Lift Truck, Low-Lift Pallet Transporter, 
Belt Conveyor, and Pallets 


One apple plant in Washington State uses a low-lift pallet transporter 
in combination with the fork-lift truck and belt conveyor. To move apples 
to the packing line, the fork-lift truck is used in a new section of the 
building to remove pallet loads of 48 boxes from storage, transport and 
release them on the platform of the old section of the building in which 
the packing line is located (fig. 99). The low-lift pallet transporter 
picks up the pallet load and transports it to a point near the packing 
line where one worker breaks out boxes from unit loads and places them 
on the belt conveyor (fig. 100). 


The fork-lift truck moves the fruit approximately 60 feet into the 
old part of the building where the low-lift pallet transporter picks up 
the load and moves it an additional 60 feet. After the fruit is placed 
on the belt conveyor it is transported the remaining 70 feet of the 
190-foot standard distance. The fork-lift truck driver and the operator 
of a low-lift pallet transporter are occupied only part time in this 
operation. The man placing fruit on the belt is occupied full time. A 
total of 4.28 man-hours of labor is required to move 1,000 boxes to the 
line by this method. More than three-fourths of this labor was used by 
the man placing fruit on the belt conveyor, who spent more than one-half 
of his time waiting (table 109). 


259298 O - 53 - 14 
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Figure 99.--Fork-lift truck releasing a 
pallet load for a low-lift pallet 
transporter to pick up and move to line. 


Figure 100.--The low-lift pallet trans- 
porter moving a 48-box pallet load of 
apples. 


Table 109.--Labor required for a 2-man crew to move 1,000 unpacked boxes of apples from storage 
to the packing line by use of pallets, fork-lift truck, low-lift pallet trans- 
porter, and belt conveyor 


A :Productive: Fatigue : Wait : Tot 
Operation por hene labor :allowance: time : labor 
:Number ; Man-hours Man-hours Man-hours Man-hours 


ss SS ——————————————————————————— 


Pick up 48-box pallet load in storage by use : 5 
of fork-lift truck se ot 2 Se O09 0.01 0.0 0.10 
Transport 60 feet to section of old building sie lye 223 O01 20 224 
Release unit load on platforn : .l1 204 ae) Ae) 204 

Pick up 48-box pallet load by use of low-lift : : 
pallet transporter 3 “ly. ell 201 0 012 
Transport 60 feet to the dumper apy | ak 38 230 002 20 252 

Release unit load at the belt conveyor to the : : 
dumper 7, a 7s 12 OL Ai) 013 
Place boxes on belt to the dumper sd. 23 1650 2 26 BIR 3.33 
Total man-hours 3. et 2019 052 Let? 4,28 


In this operation, the low-lift pallet transporter was utilized to 
move packed boxes of fruit back to storage at the time it was bringing 
unpacked fruit to the packing line. Thus, the time of the machine was 
fully utilized. Even though the transporter did not travel empty, 
machine costs are more than twice as great as labor costs. The total 


cost to move 1,000 boxes to the packing line by this method was $10.65 
(table 110). 
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Table 110.--Labor and equipment costs of moving 1,000 unpacked boxes of apples from storage to the packing line by 
use of pallets, fork-lift truck, low-lift pallet transporter, and belt conveyor 


* Labor and equipment required : Labor and equipment costs 
Method ee re i ee ee oe ecoaume 
* Equipment * Wait  ° Total ° § Labor! cat aacaumed. 
etme ‘time * labor chau lonents 1/ sCurmen tenor ia 


: : 3 : : : Wages : wages 
:Machine-hours:Man-hours Man-hours: Dollars Dollars Dollars Dollars 


Fork-lift truck moves pallet load of 48 boxes 
60 feet to a point in an old building, low- 
lift transporter transports 60 feet to a 
belt conveyor. Another worker lifts boxes 3 : : 
from pallets to belt going to dumper : 2/ 5.25 sv ei 4.28 : 5.58 5.07 10.65: Lee! 


1/ Computed from "current" wage rates. 
4,000-pound capacity electric fork-lift truck 0.38 machine-hours, 4,000-pound capacity low-lift pallet 
transporter 0,57 machine-hours, 20.8 pallets (48-box) 0.95 machine-hours, 70-foot belt Conveyor 3.33 machine-hours, 
total 5.23 machine-hours. 


Comparison of Selected Methods and Types of Equipment 
for Moving Apples from Storage to the Packing Line 


Table 111 presents the comparative labor and equipment costs 
incurred in moving 1,000 unpacked boxes of apples from storage to the 
packing line, over a distance of 190 feet, by selected methods previously 
discussed. For all methods involving hand trucks, the costs, per 1,000 
boxes, cover breaking out half of the boxes from 12 box high stacks. 


At current wage rates, the lowest cost, of $4.06 per 1,000 boxes, is 
obtained by use of industrial fork-lift trucks transporting 48 boxes per 
pallet load and releasing the loads on two 15-foot sections of gravity 
.roller conveyors at the dumper. The conveyor sections serve as accumu- 
lators. If the fork-lift truck must bring up pallet loads at the rate 
boxes are dumped at the beginning of the packing line, costs are increased 
to $13.27 per 1,000 boxes. 


Of the various methods utilizing hand trucks, the combination of 
floor chain conveyor, hand truck, and mechanical high-piler incurs the 
lowest labor and equipment costs, or $8.33 per 1,000 boxes. 


Moving apples to the packing line by hand trucks and elevator is 
the highest cost method, at $21.08 per 1,000 boxes. 
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Table 111.--Comparative labor end equipment costs for moving 1,000 unpacked boxes of apples from etorage to the packing line by use of specified 
methods and tyres of materiele-handling equipment 1 


: 3 : Labor cost— : Total cost— : Total cost— 
Types of equipment and method : Workers ; Bavipzent ; current : current ; assumed 
: zcort 2/ ; weze rates 3/ ; wece rates =: wage rates 4/ 
:Number ; Dollars Dollare Dollare Dellare 
Clamp-type 2-xheel hand trucke A 
1. 2 workers break down stecks from 12-high and hand-truck 170 feet to : : 
a temporary bank, 1 worker hand-trucks 20 fect from bank to dumper : 5 : 0.24 11.49 21.73 14,23 
2. 2 workers break down stecks from 12-high with mech2nical high-niler : : 
and hand-truck 170 feet to a temporary bank, 1 worker hand-trucke 20 feet ; t 
from bank to dumper : 3 : 1.49 8.01 10.40 12.34 
Belt conveyor and hand truck x 4 
1. 2 workers breek down etacke from 12-high and hend-truck 35 feet toa : : _ 
temporery benok, 1 worker hand-trucks 16 feet from benk to belt and t : 
places boxes on the belt 2 3 : 4.04 8.36 12.40 14,21 
2. 2 workere break down stacks from 12-high with mechanicel high-niler : : 
end hand-truck 35 feet to a temporary benk, 1 worker hend-trucke 15 feet : : 
from bank to belt and places boxes on 2 belt ee] : 4.58 6.12 10.70 12.03 
Floor chain conveyor and hand truck : : 
1. 2 workers break down stacks from 12-high end hand-truck 170 feet to : : 
e@ temporary bank, 1 worker hand-trucke 20 feet from a bank to a floor : : 
chain ees. : 2.17 11.us 13.66 16.16 
2. 2 workere break down stecks from 12-high with mechenical high-oiler : : 
and hend-truck stecke 170 feet to a floor chain conveyor : 2 : 3.32 5-91 8.33 9.42 
Floor chain conveyor, stackbreaker,and hand truck : : 
1. 2 workers break dow stacke from 12-high and hand-truck 170 feet to t : 
a temporary bank, 1 worker hand-trucks 20 feet from a benk to a flog : : 
chain : 3 : 4.53 11.49 16.02 18.52 
2. 2 workers break down stacks from 12-high with mechenicel high-piler : : 
and hand-truck stecks 170 feet to a floor chain conveyor : 2 : 5.68 5.01 10.69 11.78 
Belt conveyor, steckmaker. floor chain conveyor, and hand truck : : 
1. 2 workers break down stacks from 12-high and hand-truck 35 feet to : : 
@ temporery bank, 1 worker hand-trucks 15 feet from bank to belt and : : 
places boxes on a belt : 3 : 7.27 8.36 15.63 17.44 
2. 2 workers break down stacks from 12-high with mechanical high-piler : : 
end hand-trock 35 feet to a temporary bank, 1 worker hand-trucks 15 feet : : 
from bank to belt and places boxes on a belt cones : 33 6.12 13.05 14.78 
t 3 
Elevator and hand truck 5/ : 3 
1. 2 workers break down stacks from 12-high, 2 workers hand-truck 20 feet ; 3 
to elevator, and 100 feet from elevator to temporary bank, 1 worker hand- ; : 
trucks 20 feet from bank to dumper $0) 5 : 8.51 12.57 21.08 23.81 
2. 2 workers break down stacks from 12-high with mechenical high-piler, t : 
hand-truck the stacks 70 feet to an elevator, end 100 feet to a temporary : . 
bank, 1 worker hand-trucks 20 feet from benk to dumper 2° 3 : 10.67 19.23 21.00 23.24 
t 3 
Clamp-type induetrial lift truck H : 
1. Industrial truck moves 24-box loads 170 feet from storege toe 3 : 
temporery bank, 1 worker hand-trucks 20 feet from bank to dumper : 2 : 1.34 5.uh 7.28 8.42 
2. Industrial lift truck movee 24-box loads 190 feet from storege to 3 : 
floor chain accumil-tor behind dumper Ay aah! 2.92 1.61 4.53 Lak 


Pallets and fork-lift truck 
1, Fork truck moves 48-box loeds 190 feet to the dumper, pallets released : 
on floor behind dumper : 1 A 8.94 4.33 13.27 14.10 
2. Pork truck moves 4g-box unit loads 190 feet from storage to the H 


dumper, pallets released on two 15-foot roller conveyors $2 : 3.19 -87 4.06 4,22 
: : 
Pallets and fork-lift trucks, low-lift pallet transporter, and belt cnveyor 7: 3 
1. Fork truck moves 48-box loads feet to old building, low-lift : Hy 
transporter moves fruit 60 feet to a belt conveyor, 1 worker places boxes : : 
from pallet to belt 3 : 5.58 5.07 10.55 12.21 
t A 


ef Equipment costs computed from data on ownership and operating coste shown in table 2. 

3/ "Current" labor costs computed from wage rates of $1.15 per hour for unekilled labor and $1.30 per hour for semiskilled workers (key 
workers such as industrial truck operatore). 

4/ Assuned lebor costs computed from wege rates of $1.40 per hour for unskilled labor and $1.55 ner hour for semiskilled workers. 

5/ Vertical transportation distence not included. 
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METHODS AND EQUIPMENT FOR MOVING APPLES 
FROM THE PACKING LINE TO STORAGE 


Nearly all Washington State apple packing houses are equipped with 
weight-type sizing equipment having two rows of tubs into which different 
sizes of apples are automatically tripped. Apples from these tubs are 
packed in containers by packers stationed alongside the tubs in a narrow 
aisle. Directly opposite, and not more than five or six feet from the 
tubs, is a drag chain conveyor line on which each packer places the packed 
boxes of apples. The conveyor moves the packed boxes of apples to the end 
of the packing line where workers stamp and mark the boxes according to 
variety, grade, and size of fruit. From the stamping and marking station, 
boxes are conveyed a few feet to a lidding machine. 


The operator of the lidding machine usually permits a number of boxes 
to accumulate before commencing the lidding operation. Bua: Thus, the 
boxes usually move intermittently from the lidder in groups unless one 
lidding machine is being used to lid boxes for more than one packing line. 
Not only is the flow of fruit from the lidding machine intermittent in the 
single-line plant, it also is slow. When 300 unpacked boxes per hour are 
dumped into the cleaner, only 210 to 220 boxes an hour are packed. 38/ 
Even when one machine lids boxes for more than one packing line, a rela- 
tively small number of boxes arrive at a given storage room, since the 
fruit from each line usually is a different grower's lot and may be stored 
in different rooms. 


However, in some plants having multiple packing lines, fruit from two 
or more lines may arrive in the same cold storage room and, depending upon 
the storage practices of the organization, usually must be segregated on 
the basis of growers' lots. In some cooperatively-owned plants, fruit is 
pooled after it is packed. That is, grower's identity is lost. This 
practice has possibilities for increased efficiency in moving fruit back 
to storage, but even when the fruit is pooled, growers' lots frequently 
are kept separate to determine the keeping quality of the fruit and 
determine whether the sales return would be averaged in an early or late 
pool. 


Although unpacked apples are handled in only one type of container, 
insofar as inside dimensions are concerned, packed fruit may be handled 
either in standard wood boxes or corrugated paper cartons. 39/ The handling 


37/ The operator of the lidding machine is referred to in this industry 
as a lidder. 

38/ Two-hundred and ten packed boxes per hour assumed for the calcula- 
tions in this section of the report. The amount could be greater, depending 
on the number of sorters, size of fruit, and quality. 

39/ A few apple packing houses pack miniature or half boxes which are 
one-half the size of standard box. 
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of packed boxes of apples does not differ materially from handling 
unpacked boxes except that packed standard boxes always are handled and 
transported on their sides, which increases the height of a stack of 
boxes. (The standard box is one inch wider than it is deep.) The packed 
box also weighs more than a box of loose fruit. However, the fact that 
the apples in packed boxes are lidded and do not spill out in handling 
permits them to be moved more freely and seems to compensate for these 
factors. 

There are no significant differences in the length of time, labor 
requirements, and equipment requirements, for handling packed standard 
boxes and cartons of apples. For further details see the Appendix. 


A relatively large percentage of the apples packed in cartons are 
tray packed. 4o/ Instead of going through the lidding machine, tray pack 
cartons either are glued by hand, or in plants turning out large quanti- 
ties, sealed with automatic case-sealers. In either instance, the 
handling proceeds the same as with the standard pack except that tray pack 
cartons usually are not high-piled. When used for handling tray pack car- 
tons, 2-wheel hand trucks have larger lips or blades on the clamping arms 
so that they will slip underneath and distribute the weight of the carton 
over a greater surface. Studies of handling operations by use of hand 
trucks and fork-lift trucks show that there is no significant difference 
in the time required to handle and transport cartons as compared with 
standard packed boxes. 


Some packed boxes of fruit are high-piled when returned to storage. 
However, high-piling is not as common with packed fruit as with loose 
fruit. Packed fruit most often is high-piled during the receiving season 
or during a period of light shipping. After all fruit is under cover and 
shipping has been carried on for a time, there usually is storage space 
enough so that high-piling is unnecessary. In years when the apple crop 
is relatively small, very little packed fruit is high-piled. 


Packed boxes of apples usually are not high-pited to the same height 
as unpacked fruit because of the increased height of the stack when the 
boxes are turned on their sides. Also, the need for storage space, at 
least during the latter part of the packing season, is not as great as 
during the receiving season. 4i/ In plants using industrial fork-lift 
trucks, packed boxes of fruit are stacked only 15 boxes high instead 
of 18. Industrial-clamp trucks stack 10 high instead of 12 high. 


L0/ Cartons are also used for consumer packaged apples and loose fruit 


but neither of these packs is common and both are almost universally 
fresh packed, that is, the fruit is shipped out as it is packed. Consumer 
packages are packed in either tray pack or a bonding-type carton. 

4ai/ Use of the mechanical high-piler makes it relatively more desirable 
to high-pile to greater heights. 
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In moving packed boxes of fruit to storage from the packing line, it 
is necessary that the segregating operation be performed prior to other 
operations comprising this cycle of operations, which are: (1) Pick up 
unit loads by use of clamp-type 2-wheel hand trucks or industrial-clamp 
or fork-lift trucks, (2) transport loaded which consists of moving unit 
loads to temporary banks or points of permanent storage, (3) set down 
unit loads, and (4) return empty with the hand truck or industrial truck. 


The pickup operation is performed at the segregating area where the 
unit loads of 5, 6, 20, 30, or 4O boxes have been made up by the segre- 
gator. This operation begins when the truck operator starts to maneuver 
his truck to pick up a load, and ends when he is in position to begin 
the next operation; or in the case of industrial equipment, when the unit 
load clears its original position. 


Transport loaded begins when the truck operator starts to move toward 
the temporary bank or point of permanent storage with the loaded hand 
truck, or when the unit load clears its original position, and ends when 
the operator stops the forward motion or begins his maneuvering to set 
down, position, or release the load being transported. 


The stacking, positioning, release, or set-down operation begins when 
the truck operator stops the forward motion, begins maneuvering for re- 
lease, or when the unit load on the transportation equipment arrives at 
the storage point. The operation includes lowering or positioning the 
load, releasing the clamping arms, or withdrawing the forks. The opera- 
tion ends when the hand-truck operator starts his travel to return empty 
to pick up the next load or when the forks or clamps of the industrial 
truck clear the load. 


The return-empty operation consists of returning with the empty 
equipment to pick up the next load. The operation begins when the hand- 
truck operator starts this travel to pick up the next load or when the 
forks or clamps of the industrial truck clear the load, and ends when he 
starts to maneuver to pick it up. For purposes of analysis, return-empty 
and transport-loaded operations are combined and shown under transporta- 
tion in the tables that follow. 


When conveyors are employed, two operations usually are involved: 
(1) Placing single boxes on the conveyor and (2) removing boxes from the 
conveyor. Both of these operations begin when the first box is picked up 
and end when the last box is set down. Between the pickup and set down, 
it may be necessary for the worker to turn and move the box into an appro- 
priate position in a stack, unit load, or on the conveyor. 


The transportation distance in moving fruit back to storage varies 
from 100 to 190 feet. For the purposes of analysis, it has been assumed 
that the distance is 175 feet, 15 feet of which is accounted for by 
transportation on gravity roller conveyor sections from which the segrega- 
tion operation is performed. In the belt conveyor method, it is assumed 
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that the fruit is moved 100 feet by belt conveyor and 60 feet by hand 
trucks. ha/ In actual practice, belt conveyors are usually longer than 
60 feet. 


Costs of most of the methods of moving packed boxes of fruit back to 
storage other than by industrial trucks may be reduced by use of the 
mechanical high-piler. The full extent of the savings cannot be accurately 
determined until commercial use of the machine has been studied. However, 
estimates are possible by use of the time study data. 


The six combinations of types of equipment used for moving packed 
boxes of apples to storage are: (1) Clamp-type 2-wheel trucks and gravity 
roller conveyors, (2) clamp-type 2-wheel hand trucks, belt conveyor, and 
gravity roller conveyors, (3) clamp-type 2-wheel hand trucks, elevator, 
and gravity roller conveyor, (4) industrial fork-lift truck, pallets, 
and gravity roller conveyor, (5) low-lift pallet transporter, industrial 
fork-lift truck, pallets, and gravity roller conveyors, and (6) industrial 
clamp-type lift truck and gravity roller conveyors. 


Segregation of Packed Boxes of Apples 


An important part of the work of moving packed boxes of apples to 
storage is the segregation on the basis of grade, size, and variety. As 
a physical handling operation, segre- 
gation is the separation of boxes in 
a lot and the building of unit loads. 
Unit loads contain 5 or 6 boxes when 
the fruit is handled by 2-wheel hand 
trucks, and 20, 30, or 40 boxes when 
handled by use of industrial trucks. 


If storage rooms are crowded, 
packed boxes usually are not segre- 
gated into exact sizes or in lots of 
only one size to the lot. In such 
cases, two, three, or more sizes are 
mixed in each unit load of one grade. 
On a sellers' market more sizes can Figure 101.--One man segregating packed 
be mixed into the segregated unit, boxes of apples from gravity-type con- 
since buyers are less critical of veyor section. 
obtaining a mixture of sizes. Ona 
buyers' market, it frequently is necessary to sort the segregated boxes 
again to eliminate certain sizes. The second sorting can be avoided by 
not mixing sizes in the same stack when performing the initial segregation. 


4a/ The belt conveyor method is by far the most common method of 
moving fruit back to storage. Even in plants where hand trucks or indus- 
trial-clamp trucks do all other handling, belt conveyors are used to 
return the fruit to storage. 
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Segregation is frequently from sections of gravity roller conveyors 
(figs. 101 and 102). A power unit forces the boxes onto the conveyor. 
The use of these sections permits several boxes to accumulate and give 
the segregator time to exercise choice as to the order in which he will 
handle the boxes. In a single-line plant, one worker usually is employed 
to segregate and one or more workers to truck the fruit away from the 
segregation area, the actual number depending on the transportation 


distance (fig. 103). 


HAND TRUCKERS 


a 


ROLLER CONVEYOR 


Figure 102.--One to three groups of sizes are placed in each segregated unit at 
the plant shown in figure 101. 


Figure 103.--In this plant part of the 
fruit is segregated to either side of a 
conveyor, depending on the size of the 
fruit. One hand trucker and one segre- 
gator work as a team on each side. 
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Segregation in belt conveyor plants usually is performed in the room 
in which the fruit is to be stored, which is convenient for hand trucking 
boxes to the final storage position. In some cases, certain sizes or 
grades may be removed from the conveyor in one storage room and other 
grades in other rooms. In plants using industrial fork-lift trucks, fruit 
usually is segregated in a special room or area, which in most of these 
plants adjoins the packing room (figs. 104 and 105). The industrial 
truck transports segregated unit loads into the storage rooms. 


Figure 105.--Segregating three or more 
sizes to a pallet. 

Figure 104,--Large segregation area with 
one or two sizes ona pallet. 


Clamp-Type 2-Wheel Hand Trucks and 
Gravity Roller Conveyors 


Many of the smaller plants in Washington State use clamp-type 2-wheel 
hand trucks to move fruit from the packing line back to storage. Usually 
packed boxes of fruit are segregated at or near the packing line from 
which point the fruit is hand trucked to storage. The transportation 
distance in some plants is not as great as the 160 feet used for comparative 
analyses. 


Hand Trucks and Manual High-Piling 


In the most widely used method of moving packed boxes of apples from 
the packing line to storage by hand trucks, one worker segregates fruit 
into unit -load stacks of boxes 6 high and transports these 30 feet to a 
temporary storage bank, keeping the segregation area clear, and two workers 
transport the fruit from the temporary bank the remaining 130 feet and pile 
it 10 boxes high. The top four boxes, made up in the segregating area, are 
manually high-piled. 


As shown in table 112, the hand-truck method of moving fruit to storage 
from the packing line and manually high-piling it requires 19.0 man-hours 
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Table 112.--Labor required for a 3-man crew to move 1,000 packed boxes of apples from the packing 
line to storage and pile 10 boxes high by use of clamp-type 2-wheel hand trucks, 
gravity roller conveyor, and manual high piling 


: :Productive: Fatigue : Wait : Total 
SESr ALOR peekene: labor :allowance: time ; labor 


One worker segregates boxes at roller conveyor 


and builds 6-high stacks 2 les 2.19 0.44 2.15 4.76 
Pick up 6-high stacks of boxes in segregation : 

area by use of 2-wheel hand truck : il : a+) 02 3.51 3.76 
Transport 30 feet by use of 2-wheel hand truck : 1 : 62 06 00 68 
Release stacks in bank by use of 2=-wheel hand 7 

truck ae | ane 229 203 Ae) 252 


Pick up 6-high stacks of boxes in bank by use 

of 2-wheel hand truck : a 029 203 4.20 4.52 
Transport 130 feet by use of 2-wheel hand truck : 2 2.353 025 mae) 2.56 
Release 6-high stacks in storage : 2 3 255 04 rie) 039 
Manually high=-pile boxes in 10-high stacks Ll 2 1.64 241 00 2.05 


Total man-hours ee ee 1.26 9.84 19.04 


ay The 4 boxes above the original 6-high stacks, or 400 of each 1,000 packed boxes moved to 
storage, are high-piled. 


of labor per 1,000 boxes. Of the total labor required, 52 percent is 

lost in wait time. The segregator waits 2.13 man-hours because the pack- 
ing line does not turn out fruit fast enough to keep him occupied. The 
worker trucking to the temporary supply bank loses 3.51 man-hours, almost 
three times as much time as he spends in productive work. The two workers 
hand trucking from the temporary bank of supply to storage and high-piling 
lose 4.20 man-hours. Consolidation or rearrangement of the workers should 
permit the release of one worker. 


Hand Trucks and Mechanical High-Piling 


By use of a mechanical high-piler, the 3-man crew can be rearranged 
as follows: One worker segregating boxes, moving fruit 80 feet to a bank 
of supply; one worker moving fruit 80 feet to storage; and one worker 
mechanically high-piling. By use of this method, packed boxes would be 
handled in 5 box high stacks as unit loads, to facilitate mechanical 
high-piling. 


By use of the mechanical high-piler, the labor required to move 1,000 
packed boxes to storage is reduced by nearly 5 man-hours from the labor 
required by the previously described method. As shown in table 113, labor 
requirements are 14.28 man-hours per 1,000 boxes. Wait time is reduced 
almost one-half. The man trucking fruit to the temporary bank of supply 
loses 2.10 man-hours in wait time, which would permit him to transport a 
greater distance. 
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Table 113.—-Labor required for a 3-man crew to move 1,000 packed boxes of apples from the packing 
line to storage and pile 10 boxes high by use of gravity roller conveyor, 
clamp-type 2-wheel hand trucks, and mechanical high-piler 1/ 


: :Productive: Fatigue: Wait: Total 
Operation swore Sn S) labor :allowance: time : labor 


a Se ee eS OS 


One worker segregates boxes at roller conveyor : 


and builds 5-high stacks a: 2.19 0.44 2.13 4.76 
Pick up 5-high stacks of boxes in segregating : = 
area by use of 2-wheel hand truck 2 6D oe 228 203 2.10 2.41 
Transport 80 feet by 2-wheel hand truck re eeil 1.78 18 20 1.96 
Release stacks in bank by use of 2-wheel hand =: : 
truck He ee 235 204 20 39 
Pick up 5=high stacks of boxes in bank by use : 
of 2-wheel hand truck ee 255 204 97 1.36 
Transport 80 feet by use of 2-wheel hand truck 1 s 1.78 18 Ae) 1.96 
Release stacks in storage a! 242 04 20 246 
High-pile mechanically to 10 boxes high 1/ ee 89 209 20 -98 
Total man-hours 2: = 3: 8.04 1.04 5.20 14. 28 


1/ Lower 5 boxes in 10-high stacks are released as a unit load in storage position by 
clamp-type 2-wheel hand truck. Upper 5 boxes are high=-piled by mechanical high-piler. 


Comparison of Methods 


Total labor and equipment costs for moving 1,000 packed boxes to 
storage by the method involving manual high-piling is $22.43 (table 114) 


Table 114.--Comparative labor and equipment costs for moving 1,000 packed boxes of apples from the packing line to 
storage and pile 10 boxes high by use of 2 specified hand-truck methods 


Labor and equipment required ; Labor and equipment costs 


Type of equipment and method rere Total costs 


Equipment * Wait * Total cc atta EA 
: : A :Equipment : Current :Assumed 
time * time * labor ° veel Miwacas) weses 


>Machine-hours:man-hours Wan-nhours: Dollars Dollars Dollars Dollars 


Clamp-type 2-wheel hand truck and gravity 


roller conveyor 
One worker segregates and hand trucks 


30 feet to bank, 2 workers hand truck B 
130 feet to storage and high-pile 10 boxes : q : 
high : 2/ 19.04 ; 9.84 19.04 ;: 0.53 21.90 22.43 27.19 


Clamp-type two-wheel hand truck, gravity 
roller conveyor, and mechanical high-piler 


One worker segregates and hand trucks 

80 feet to temporary bank, 1 worker 

hand trucks 80 feet to storage and : : : 

1 worker mechanically high-piles : 3/19.04 ; 5.20 14.28 : 3.23 1€.42 19.65 23.22 


1/ Computed from "current" wage rates. 

2/ Clamp-type 2-wheel hand truck 14.28 machine-hours, 15-foot gravity roller conveyor 4.76 machine-hours, 
total 19.04 machine-hours. 

3/ Clamp-type 2-wheel hand truck 9.52 machine-hours, 15-foot gravity roller conveyor 4.76 machine-hours, 
mechanical lift 4.7€ machine-hours, total 19.04 machine-hours. 


Equipment costs account for only 2.4 percent of the total cost. The 
improved method reduces these costs to $19.65. Labor costs are reduced 
$5.48, but the machine costs are increased. Machine costs are high be- 
cause the mechanical high-piler stands idle most of the time. It is 
possible that the high-piler might be used intermittently for operations, 
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thus reducing some machine costs. A further improvement in the method 
might involve stacking the fruit higher, which permits the machine to 
work more efficiently. 


Clamp-Type 2-Wheel Hand Trucks, Belt Conveyor, 


and Gravity Roller Conveyor 


The belt-conveyor-hand-truck method is the one most widely used for 
moving fruit from storage back to the packing line. Segregation of packed 
boxes is by a gravity roller conveyor. All plants that use belt conveyors 
for receiving and other operations,and many plants that use floor chain 
conveyors, industrial-clamp trucks, or 2-wheel hand trucks alone for other 
operations, use the belt-conveyor-hand-truck combination for moving packed 
boxes to storage. The use of belt conveyors for moving fruit to storage 
ties directly in with packing-line operations, because as the fruit leaves 
the packing line on a conveyor no additional labor is required for moving 
it to the storage room. 


When belt conveyors are used to move fruit to storage, packed boxes 
usually are segregated in the cold 
room, usually from a section of — Wn 


gravity roller conveyor, but occasion- 
ally from a live belt, the latter re- 
quiring more effort (fig. 106). After 
the fruit is loaded off of the belt 
into the segregated units, it is hand 
trucked to storage position or to the 
high-piler. As shown in figure 107, 
sections of gravity-type roller con- 
veyors are sometimes used in manually 
high-piling packed boxes. 


Figure 107.--High-piling packed 
Figure 106.--Segregating and hand trucking boxes with the aid of a roller 


cartons into storage using a belt con- conveyor. 


veyor and hand trucks. 
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it is assumed that the transportation distance on the belt conveyor 
is 100 feet, that 15 feet of gravity roller conveyor is used, and that 
the fruit is hand trucked 60 feet. 


Usually the total transportation distance, when belt conveyors are 
used to move fruit to storage, is much greater than 175 feet since belt 
conveyors extend into all storage rooms. Although labor requirements are 
not altered by the transportation distance, machine costs are affected. 


Method Employing 3-Man Crew 


In the most widely used method of moving apples from the packing line 
to storage, one worker in the cold room segregates and builds stacks 
6 high, and two workers hand truck the stacks 60 feet to the storage posi- 
tion and high-pile the fruit in stacks 10 boxes high. 


For a 3-man crew to move apples to storage by hand truck and belt 
conveyors required 14.28 man-hours of labor (table 115). Over one-half 
of this labor was accounted for by wait time. About 72 percent of this 
idle time occurred through the delays of the two workers hand trucking 
and high-piling fruit largely because fruit does not move from the pack- 
ing line rapidly enough to keep the workers occupied. The delay time 
of the two hand truckers, who also high-pile, is of such magnitude that 
one of the workers could be released if the mechanical high-piler were 
used. However, if manual methods are used, two workers are necessary for 
high-piling. 


Table 115.--Labor required for a 3-man crew to move 1,000 packed boxes of apples from the 
packing line to storage and pile 10 boxes high by use of clamp-type 2-wheel hand 
trucks, belt conveyor, and gravity roller conveyor 


c :Productive: Fatigue : Wait : Total 
Operation Workers. labor :allowance: time : labor 


One worker segregates boxes at roller : 
conveyor and builds 6-high stacks oe Oe 2.19 0.44 2.13 4.76 
Pick up 6=<high stacks of boxes in : A 
segregation area by use of 2-wheel 


hand truck 2 2: .RB £02 5.51 5.76 
Transport 60 feet by use of 2-wheel : : 
hand truck se fest use Se raul 207 1.32 


Release stacks in storage by use of 


2-wheel hand truck 2 35 04 0 239 
Manually high-pile boxes in 10-high stacks 2 1.64 241 AA) 2.05 
Total man-hours aN ee, ee SUBS 1.02 7.71 14.28 


Method Employing 2-Man Crew 


An improved method of moving apples to storage eliminates the worker 
assigned solely to segregating. By use of the improved method, boxes 
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are segregated by the two workers who hand truck and high-pile the fruit. 
The change in crew size and arrangement is accomplished by an accumulator 
section of dead roller conveyor sufficient in size to hold enough boxes 

to permit the two workers to leave the segregation area intermittently 
while high-piling. Since 40 percent of the boxes are high-piled, approx- 
imately 22 percent of the time must be spent high-piling. The accumulator | 
space must be large enough to hold about 50 boxes. If the transportation 
distance is more than 60 feet, it would not be possible to use this 

method unless an additional hand trucker were added or the two workers 
performed at above normal rates. 


The improved method of moving fruit to storage by belt conveyor, 
hand trucks, and gravity roller conveyor requires 9.52 man-hours per 1,000 
boxes handled, a saving of 33 percent compared with the method employing 
a 3-man crew (table 116). Wait time is reduced 4.76 man-hours. 


Table 116.--Labor required for a 2-man crew to move 1,000 packed boxes of apples from the 
packing line to storage and pile 10-boxes high by use of clamp-type 
2-wheel hand trucks, belt conveyor, and gravity conveyor accumulator 


3 :Productive: Fatigue : Wait : Total 
Gpecetsos a OPRCEe labor :allowance: time : labor 


;Number ; Man-hours Man-hours Man-hours Man-hours 


Two workers segregate boxes at roller con- 


veyor and build 6-high stacks eee Os, eelS 0.44 1.44 4,07 
Pick up 6<-high stacks of boxes in segregation : 
areas by use of 2-wheel hand truck : es 223 02 1.44 1.€9 
Transport 60 feet by use of 2-wheel hand FE 
truck A 2 Gs iad ai Bb O07 1.32 
Release stacks in storage by use of 2-wheel 3 
hand truck 2 eas 035 004 0 0 o9 
Manually high-pile boxes in 10-high stacks 2.2 3 1.64 041 20 2.05 
Total man-hours 2: =: $55 1.02 2.95 9.52 


Comparison of Methods 


The improved method of moving fruit to storage by belt conveyors, 
hand trucks, and a gravity conveyor accumulator costs $15.32 per 1,000 
boxes compared with $20.79 by the method employing a 3-man crew (table 117). 
All of this saving is made possible by the reduction in labor. The accumu- 
lator roller, which is added behind the lidding machine, would replace the 
power conveyor at no additional cost. Some extra work is involved in push- 
ing the boxes from the accumulator roller. However, the lidder, whose work 
is intermittent, can do it. 
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Table 117.—-Comparative labor and equipment costs for moving 1,000 packed boxes of apples from the packing line 
to storage by use of 2 specified methods employing belt conveyor, clamp-type 2-wheel hand trucks, 
and gravity conveyor sections 1/ 


* Labor and equipment required ° Labor and equipment costs 
Method Equipment * Wait ? Total = ; : Tal : Eobalsecste 
time 2 time * labor : Qu: peat: 1/ :Current ;Assumed 


: Wages ;: wages 
ollars Dollars Dollars Dollars 


:Machine-hours:Man-hours Man- 


Three-man crew 

One worker segregates, 2 workers hand 

truck 60 feet and manually high-pile : : 

10 boxes high > 2/19.04 : 7.7 14.28 : 4.37 16.42 20.79 24.36 


Two-man crew 
Two workers segregate, hand truck 
60 feet and manually high-pile 3 : : 
10 boxes high F 2/ 19.04 : 2.95 9.52 : 4.37 10.95 15.32 17.70 


1/ Computed from “current" wage rates. 
2/ Clamp-type 2-wheel hand trucks 9.52 machine-hours, 100-foot belt conveyor 4.76 machine-hours, 15-foot 
gravity roller conveyor 4.76 machine-hours, total 19.04 machine-hours, 


Clamp-Type 2-Wheel Hand Trucks, Elevator, 
and Gravity Roller Conveyor 


Elevators are not commonly used in Washington State plants to move 
packed boxes to storage, but are used occasionally in one or two plants. 
Fruit usually is hand trucked from the segregating area to a temporary 
storage bank and then to the elevator. At the off-loading floor, a crew 
unloads the elevator and moves the fruit to storage. Because elevator 
cycles are relatively slow, it is necessary to use a temporary bank of 
supply to keep the segregation area clear. That is, the completed unit 
loads that have been segregated must be moved away from the segregating 
conveyor in order to leave room for additional unit loads of packed boxes. 


When elevators and hand trucks are used to move boxes of apples from 
the packing line to storage, one worker is used to segregate and one 
worker to move fruit approximately 30 feet from the segregating area to 
the temporary storage bank. This worker and two others move the fruit 
approximately 50 feet from temporary storage into the elevator. Two of 
these workers ride the loaded elevator to the off-loading floor and hand 
truck the apples the remaining 80 feet to storage. These two workers 
also do the high-piling. 


The labor required by a 4-man crew using elevators and hand trucks to 
move 1,000 packed boxes of fruit from the packing line to storage is 
19.04 man-hours (table 118). Forty-seven percent of this labor is wait 
time. The wait time was divided, 24 percent by the segregator, 32 per- 
cent by the worker moving fruit to temporary storage, 38 percent by the 
other two crew members, and 6 percent was due to crew interference. 


Total labor and equipment costs for moving 1,000 packed boxes of 
apples from the packing line to storage and piling in gtacks 10 boxes 
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high by an elevator and hand trucks is $32.25 (table 119). Both labor 
and equipment costs are high. Machine costs account for 32 percent of the 
total. 


Table 118.-~-Labor required for a 4-man crew to move 1,000 packed boxes of apples from the 
packing line to storage and pile 10 boxes high by use of elevator, clamp-type 
e-wheel hand trucks, and. gravity roller conveyor 


: :Productive;: Fatigue : Wait 3s Total 
ee Aya aae labor ;allowance: time : labor 
:Number : Man-hours Man-hours Man-hours Man—hours 


One worker segregates boxes at roller conveyor : 


and builds 6-high stacks tp Ge! se Ro19 0.44 2.15 4.76 
Pick up 6-high stacks in segregation area by =: : 
use of 2-wheel hand truck : 1s: 02d 202 2.86 3.11 
Transport 30 feet by use of 2-wheel hand truck ; 1 3 062 06 Ae) 68 
Release from 2-wheel hand truck in bank ee Gee 229 203 0 ode 
Pick up 6-high stacks in bank by use of : : 
2-wheel hand truck > 5 3 029 203 3.40 3.72 
Transport 50 feet to elevator by use of : 3 
2-wheel hand truck 2 OF (8S 097 10 ay) 023 1.30 
Release stacks in elevator from 2-wheel hand =: : 
truck : 3: 029 003 20 032 
Elevator cycle > 2 3s 220 0 af «2 240 
Pick up 6-high stacks in elevator by use of : : 
2-wheel hand truck Seperate 229 003 20 032 
Transport 60 feet to storage by use of 2-wheel :: B 
hand truck >: 2 : 1.48 15 1/ .04 1.67 
Release stacks in storage from 2-wheel hand : 2 
truck : 2 A 255 004 AAS) 039 
Manually high-pile boxes to 10 high : 2 3s 1.64 041 Ae) 2.05 
Total man-hours : = 3: 8.84 1.34 8.86 19.04 


1/ Wait time caused by crew interference. 


Table 119.--Labor and equipment costs for moving 1,000 packed boxes of apples from the packing line to storage 
and piling 10 high by use of elevator, 2-wheel hand trucks, gravity roller conveyor and 4—man crew 


: "Labor and equipment required ~ 7 Labor and equipment costs 
Method :Workers; : 3 : : : Total costs 

Equipment . Wait . Total -Equi 4. Labor (Girrent-Assu 

: clas ies, “eas quipmen a ;Current: Assumed 


: Wages : wages 


:Number :Machine-hours:Man-hours Man-hours: Dollars “Dollars Dollars Dollars 


Elevator, 2-wheel hand truck, and 
gravity roller conveyor 


One worker segregates, 1 worker 
hand trucks to bank, 3 workers 
hand truck from bank to eleva- 
tor, 2 workers ride elevator, 
hand truck 80 feet to storage, : : H 
and high-pile boxes 10 high : 4 +: 2&/ 22.10 : 8.86 19.04 : 10.35 21.90 32.25 37.01 


ay Computed from "current" wage rates. 
2/ Clamp-type 2-wheel hand trucks 14.28 machine-hours, 15-foot roller conveyor 4.76 machine-hours, 
8,000-pound capacity elevator 3.06 machine-hours, total 22.10 machine-hours. 


259298 O - 53 - 15 
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Gravity Roller Conveyor, Industrial Fork-Lift 


Truck and Pallets 


When industrial fork-lift trucks are used to move packed boxes of 
apples to storage, boxes are segregated in a special area. Gravity roller 
conveyors, from which boxes are segregated, bring the fruit to the segre- 
gation area and a worker builds the unit loads of 40 boxes each. The lift- 
truck operator picks up the fruit and moves it to storage and stores it in 
tiers three unit loads (15 boxes) high. The lift-truck operator who moves 
packed fruit to storage usually brings loose fruit back to the packing 
line. For this reason, it has been assumed in this analysis that there is 
no wait or delay time on the part of the lift-truck operator. 


By the fork-lift-truck method, one worker segregates the packed boxes, 
and a second man, working part time, operates the fork-lift truck. The 
segregation operation is paced by the supply of fruit from the packing 
line, but the work of moving fruit to storage is not affected directly by 
this pace because the lift-truck operator transports loose fruit to the 
packing line after placing a load of packed fruit in storage. 


The labor required to move 1,000 boxes to storage, in pallet loads of 
4O boxes, is 5.43 man-hours (table 120). A little less than one-half of 
this time is lost in waiting because the rate of segregating is paced by 
the packing line. 


Table 120,--Labor required by a 2-man crew to move 1,000 packed boxes of apples from the packing 
line to storage by use of gravity roller conveyor, pallets and industrial fork-lift truck 


Bee :Productive: Fatigue : Wait : Total 
Operebion gHORKers: labor :allowance: time : labor 
:Number ;: Man-hours Man-hours Man-hours Man-hours 


ee ee SOS 


One worker segregates boxes at roller conveyor 


and builds 40-box pallet loads : ab : 2.27 0.45 2.04 4.76 
Pick up 40-box pallet load in segregation areas : : ; 
by use of fork-lift truck Ae e : 06 Ae) re) 206 
Transport 160 feet by use of fork-lift truck op ak : 047 203 0 250 
Release pallet in storage with fork-lift truck E 
(average lst, 2nd, and 3rd tiers) ie ell oO 20 oll 
Total man-hours $s = 3 2.91 248 2.04 5.43 


Labor and equipment costs of $9.41 per 1,000 boxes are incurred for 
the segregator and a fork-lift truck to move fruit to storage (table 121). 
Thirty-three percent of this is machine cost. 
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Table 121.--Labor and equipment costs for moving 1,000 packed boxes of apples from the packing line to storage 
by use of gravity roller conveyor, pallets, and fork-lift truck aly 


Labor and equipment required : Labor and equipment costs 


: : 7. Total costs _ 
:Equipment: ie :Current:Assumed 
: : <-' ; wages ; wages 


Method 


* Equipment * Wait + Total 
time * time * labor 


Fork-lift truck and pallet 
ne worker segregates onto pallets, 
1 fork-lift truck transports 160 feet : : 
to storage : 2), 6.10 : 2.04 5.43 : 3.07 6.34 9.41 10.77 


* : 
ne 


1/ Computed from “current” wage rates. 
2/ 15-foot gravity roller conveyor 4.76 machine-hours, 4,000-pound capacity electric fork-lift truck 
0.67 machine-hours, 20.6 pallets (48-box) 0.67 machine~hours, total 6,10 machine-hours. 


Gravity Roller Conveyor, Low-Lift Pallet Transporter, 
Industrial Fork-Lift Truck, and Pallets 


In one method studied a low-lift pallet transporter was used in 
combination with a gravity roller conveyor for segregating and a fork-lift 
truck was used to move fruit from the packing line to storage. The pallet 
transporter and fork-lift truck also moved unpacked boxes of fruit to the 
packing line in connection with this operation. If it were not possible 
for the equipment to be used in a dual capacity, both cycles of operation 
would be inefficient. In the plant in which this method was used, the 
segregation operation was performed in an older part of the plant where 
the fork-lift truck could not maneuver because of low ceiling heights and 
inadequate structural strength of the floors. 


By this method one worker segregates packed boxes and builds 40-box 
pallet loads, one worker, part-time, operates the low-lift pallet trans- 
porter and another worker, part~ 
time, operates the fork-lift truck. 
The pallet transporter moves the 
unit loads approximately 80 feet 
from the segregating area to a point 
where they are transferred to the 
fork-lift truck, which transports 
the unit loads another 80 feet to 
storage (fig. 108). 


A total of 6.22 man-hours of 
labor are required to move 1,000 
boxes to storage by this method 
(table 122). Of the total labor, 


2.26 man-hours are wait time, most Figure 108.--The low-lift pallet trans- 
of which results from the segrega- porter picking up a pallet load of 
tor waiting for the fruit. Nine- packed apples. 


teen percent of the productive time 


oe 


Table 122.--Labor required for a 3=-man crew to move 1,000 packed boxes of apples from the packing 
line to storage by use .of gravity roller conveyors, fork~-lift truck, 
low-lift pallet transporter, and pallets 


: :Productive: Fatigue : Wait : Total 
Operation Workers. labor :allowance: time : labor 


:Number ; Man-hours Man-hours Man-hours Man-hours 


One worker segregates boxes at conveyors and 


builds 40-box pallet loads ae au 2.27 0.45 2,04 4.76 
Pick up 40-box pallet load in segregation area 
by use of low-lift pallet transporter et 12 Ol 08 13 
Transport 80 feet to storage by use of low-lift : 2 
pallet transporter > Ll: »40 204 20 044 
Release pallet on floor in cold storage room by : : 
use of low-lift pallet transporter 2 les o14 002 20 16 
Pick up 40=box pallet load in storage by use of : : 
fork-lift truck : 2 = .06 Ae) 0ke2 228 
Transport 80 feet to storage point by use of : : 
fork=-1lift truck ees rd 202 Ale) 254 
Release in storage wlth fork-lift truck : 3 
(average 1st, 2nd, and 3rd tiers—15 boxes : 2 
high) : a . sid 0 20 rp bl 
Total man-hours a= : 5.42 254 2.26 6.22 


was accounted for by the pallet transporter operator and 14 percent by the 
fork-lift-truck operator. It is assumed that the lift-truck operators are 
utilized for bringing unpacked fruit to the line and that the time they 

normally would wait between pallet loads of packed fruit is fully utilized. 


As shown in table 123, when the low-lift pallet transporter is used in 
combination with the fork-lift truck and conveyor for moving fruit to 


Table 123.--Labor and equipment costs for moving 1,000 packed boxes of apples from the packing line to sterage by 
use of gravity roller conveyor, low-lift pallet transporter, fork-lift truck, pallets, and a 3-man crew 


: Labor and equipment required : Labor and equipment costs 
Method : 5 5 Total costs 
Equipment . Wait ; Total 
time , time : labor 


‘Equipment Labor tuirerteiseumed 
: 1/ : wages ; wages 
Yachine-hours: iMenchours Hep hours: Dollars notlars Dollars Dollars 


Gravity roller conveyor-—-low-lift pallet 
transporter, fork-lift truck, and pallets 


One worker segregates onto pallets, one low-: 
lift pallet transporter, and one fork-lift : : E 
truck > 2/ 7.46 : 2.26 6.22 : 5.45 7.26 12.71 14.27 


i/ Computed from "current" wage rates. 

R/ 4 y000-pound capacity electric fork-lift trucks 0.73 machine-hours, 4,000-pound capacity electric low-lift 
pallet transporter 0.73 machine-hours, 15-foot gravity roller conveyor 4.76 machine-hours, 20.8 pallets (48-box) 
1.24 machine-hours, total 7.46 machine-hours. 


storage, 1,000 boxes could be handled for $12.71, 43 percent being 
equipment costs. These costs might be reduced by keeping the boxes on 
the belt conveyor from the packing line for a distance sufficient to do 
the segregating where the fork-lift truck could pick up the pallets. 
However, plant renovation and extension of part of the conveyor system 
would be necessary in most of the older plants. Another possibility is 
for one worker to operate both the pallet transporter and fork-lift truck. 
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Gravity Roller Conveyor and Industrial 
Clamp-Type Lift Truck 


When moving fruit from the packing line to storage the industrial- 
clamp truck picks up unit loads in the segregating area which either may 
be a special area near the packing line, as with fork-lift truck handling, 
or in a cold storage room from the belt conveyor, as in the belt conveyor 
handling method. The latter method of segregating the fruit in the cold 
storage room and moving it to cold storage position by use of an indus- 
trial-clamp truck is convenient in plants that have converted from belt 
conveyor handling. The industrial-clamp truck handles unit loads of 
20 boxes of packed fruit (30 boxes by use of the larger size truck). A 
comparable unit load of loose fruit is 24 boxes. 


A problem in handling packed boxes of apples is that labels are usually 
pasted on the end of the apple box shortly after the fruit leaves the 
lidding machine. For a short time care must be exercised in handling the 
box or the label will be pushed out of place or torn. When the industrial- 
clamp truck lifts a box with a fresh label, the label may tear and the box 
slip out of place. This difficulty can be avoided by turning the label 
end of the box inward, providing an unlabeled gripping surface outside. 


The industrial-clamp truck can be used to handle packed cartons by 
using broad, rubber-padded clamping arms which spread their pressure over 
a wider surface and thus acquire enough friction surface. 


In stacking packed boxes of apples by industrial-clamp trucks, dunnage 
strips are unnecessary. Packed boxes are turned on their sides and are 
flatter and more stable than boxes of loose fruit. 43/ 


As with other methods, when fruit is moved from the packing line by 
industrial-clamp trucks the work is paced by the rate of the packing line, 
or 210 packed boxes an hour. Therefore, unless the plant layout and work 
arrangements permit the truck and operator to do additional work between 
trips of moving fruit to storage, considerable idle time will result. 


One worker is required for the segregating operation, and one to 
operate the industrial-clamp truck. It is assumed that the truck opera- 
tor's extra time is used in other materials-handling operations. 


By this method, with a 2-man crew, it required 6.31 man-hours of labor 
to move 1,000 boxes to storage (table 124). Approximately one-third of 


43/ The bottom of the standard apple box is made of thin shook held 
together with cleats. Cleats make it necessary to have the top row of 
the unit load in almost exact alignment with the bottom load or the cleats 
of the top stack do not nest on the edges of the boxes on the bottom 
stack. 
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Table 124.--Labor required for a 2-man crew to move 1,000 packed boxes of apples from the packing 
line to storage by use of gravity roller conveyor and industrial clamp-type truck 


:Productive: Fatigue : Wait : Total 
Operation ‘Workers. labor :allowance: time : labor 
sWunber Man-hours Man-hours Man-hours Man-hours 


One worker segregates boxes at conveyor and : 


builds 20-box unit loads eile seth erty 0.45 2.04 4.76 
Pick up 20-box unit load in segregation area : : 
by use of clamp-type lift truck er Gina 13 20 0 213 
Transport unit load 160 feet by use of clamp=- : : 
type lift truck > ls: 88 207 Ae) 095 
Release unit load in storage with clamp-type : : 
lift truck (average lst and &nd tiers—-10 boxes; : 
high) Po Silipos 47 20 x) 47 
Total man-hours io ec 3.75 Ys 2.04 6.51 


this time is lost by waiting, since the flow of fruit from the packing 
line is insufficient to keep the segregator occupied. Only 1.55 man- 
hours, or 25 percent of the total labor, is required to transport the 
fruit to storage position. The lift truck and operator could be used for 
other work over two-thirds of the time. 


Industrial-clamp trucks could move apples to storage at a cost of 
$9.88 per 1,000 boxes. Machine costs were nearly one-fourth of the labor 
costs (table 125). 


Table 125.--Labor and equipment costs for 2-man crew to move 1,000 packed boxes of apples from the packing line to 
storage by use of gravity roller conveyor and industrial clamp-type truck 


Labor and equipment required H Labor and equipment costs 
Method c 2 = Total costs 
- Eee : Wait , Total ‘Equipment: Labor (SSeS 7Assumed 
ime : time H labor B 1/ : Wages ; wages 


a Wan-hours: Dollars Dollars Dollars Dollars 


Industrial clamp-type lift truck 
One worker segregates, 1 industrial clamp- 


type lift truck transports 160 feet elf G81: 2. 2,04 6.31 : 2.39 7.49 9.88 11,46 


1/ Computed from "current" wage rates. 
2/ 1i5-foot gravity roller conveyor 4.76 machine-hours, 1,000-pound electric clamp-type lift truck 1.55 
machine-hours, total 6.31 machine-hours. 


This method of moving fruit to the packing line could be modified by 
segregating the fruit in the cold storage room from a belt conveyor 
(fig. 109). The industrial-lift truck usually would have a shorter 
transportation distance than the 160 feet assumed in the method previously 
discussed. However, this method is not used unless loose fruit is being 
moved to the packing line from the room in which the "to-storage opera- 
tion" is being carried on, or an adjacent room. 
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Figure 109.--Segregating packed boxes from belt conveyor. Boxes are moved away by the 
industrial clamp truck. 


Comparative Labor and Equipment Costs of Selected 
Methods and Types of Equipment for Moving 


Packed Boxes of Apples to Storage 


The costs of moving apples back to storage from the packing line by 
various methods and types of equipment ranged from $9.41 to $32.25 per 
1,000 boxes (table 126). Lowest costs were obtained by use of industrial- 
clamp trucks; highest costs, by use of elevators and hand trucks. The 
low-lift pallet transporter method cost 135 percent as much as the fork- 
lift truck method. The costs with the fork-lift truck were slightly 
lower than with the industrial-clamp truck. 


Equipment costs are lowest when hand trucks are used to move fruit to 
storage. However, labor costs are greatest when hand trucks are used 
alone or in combination with elevators. Highest equipment costs are 
associated with the use of elevators. 


Determining the most efficient method for moving fruit from the 
packing line to storage must be on an individual plant basis. The most 
efficient method, using fork-lift trucks, cannot ordinarily be used in 
older plants. However, many of the older plants now using "conventional" 
equipment could use industrial clamp-type trucks and reduce labor costs 
by more than half--somewhat more than this, in fact, in plants adapted 
to the use of a 36-box industrial-clamp truck. 
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Tadle 126.—-Comparetive labor sand equipment costs for moving 1,000 packed boxes of apples from the packing line to storage by use of specified 
methods end types of equipment 1/ 


Labor and equipment required Lavor snd eauivment costs 


Type of equipment and method * Yorkers * Equipment Wait 0 Total : Totel costs 
B a : : Current : Assumd 


tine tire ; lnor :; 2/ ; 3 wages. : vase 4] 


: Number ; Machine-houre: Man-hours Man-hours : Dollars Dollars Dollars Dollara 


: Eanipzent* Labor 


Gravity-tyoe roller conveyor and clamp-type 2-wheel 3 H 
chend truck : H 


One worker segregetes and hand-trucks 39 feet to bank, 


2 workers hend-truck 130 feet to storage and high- : : : 
pile boxes 10-high (table 117) A 3 7 “19.08: 9.84 10,0 : 0.53 21.90 22.4% 27.19 
Gravity-tyne roller conveyor, belt conveyor and hand : : : : Zz 
truck H : : : 
One worker segregates, 2 workers hand-truck 60 feet to : : : : 
storage and high-pile boxes 10-high (table 117) : 3 B 19.04 : 7.71 14.28 : 4.37 16.42 20.79 24.36 
Gravity-type roller conveyor, elevator, and hand truck : : : : 
One worker segregates, 1 worker hand-trucks 30 feet to : : : : 
bank, 3 workers hand-truck 50 feet from bank to 8 : 3 
elevator, 2 workers off-load elevator, hand-truck H 3 
80 feet to storage snd high-pile (table 119) 5/ A 4 22.10 : 8.86 19.04 10.35 = 21.90 32.25 37.01 


Grevity-type roller conveyor, fork-lift truck and 
pallets 


Cne vorker segregates onto pallets, 1 fork-lift truck 
transports 160 feet to storage (table 121) 6/ 


6.10 2.04 5.43 2.07 6.34 9.41. 10.77 
Gravity-tyne roller conveyor, low-lift pallet trans- 


porter, fork-lift truck and pallets 


One worker segregates onto paliete, 1 low-lift pallet : 
transporter trensports &9 feet, and 1 fork-lift : 
truck transports 80 feet (teble 123) 6/ 7246 


2.26 6.22 5.45 7.26 12.71 14.27 


lift track 


Gravity-type roller conveyor and industriel clamp-type Hy 
t 
$ 


One worker segregates, 1 clamp-type lift truck 3 
transports 160 feet (teble 125) 6/ : 2 : 6.31 
t H 


1 Transportation distcnces are stendardized at 175 feet of which 15 feet is by grevity-tyne roller conveyor in segregating operation. 

2/ Equipment costs computed from data on ownership end onerating coats shown in table 2. 

3/ "Current" labor costs computed from wage ratee of $1.15 per hour for unskilled lebor and $1.30 ver hour for semiskilled workers (key workers 
such ae industrial truck operators). 

UJ Aesumed ledor costs commuted from wage rates of $1.40 per hour for unskilled lebor and $1.55 per hour for semiskilled workers. 

Vertical trensportation distance is not inclnded. 

6/ Labor reauirements shown for these methods are based on the assumption that lift trucks end their operators will work part-time only in 

meving packed boxee of fruit to storage and that the remainder of the time cf the worker and equipment will be used for other productive work. 


2.94 6.31 2.79 T.kg 9.88 11.46 


0s 06 0 00 ce 0 ot oe oe 
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METHODS AND EQUIPMENT FOR MOVING APPLES OUT OF STORAGE 
AND LOADING REFRIGERATOR CARS AND HIGHWAY TRUCKS 


Most Washington State apples are loaded out for shipment from storage. 
Packed fruit may remain in storage several months before it is shipped. 
Occasionally, especially during the fall months, some cars are loaded as 
the fruit comes off the packing line. However, loading cars with boxes 
moving directly from the packing line is slow because carloading operations 
are paced by the rate at which the packed boxes move away from the lidding 
machine. This cycle of operations is discussed in the section that follows. 
This section covers moving boxes of apples out of storage and loading 
refrigerated highway trucks or railroad cars. 


Most Washington State apples are shipped out in refrigerated railroad 
cars. Although some cars are shipped with loads varying in size from 
756 to 840 boxes, the usual load consists of 798 boxes. Because of the 
size of loads, analyses of labor and equipment requirements and costs, on 
the basis of 1,000 boxes, do not give the costs per carload or truckload. 
However, costs for a carload of 800 boxes are 80 percent of the costs per 
1,000 boxes. 


Shipping is a cycle of operations performed in the following sequence: 
(1) Blocking out the load, (2) manifesting the shipment, (3) transporting 
fruit from storage points to the carrier, and (4) loading the car or truck. 
Loading a refrigerator car in a divided load consists of s number of 
operations: (1) Stacking the boxes, (2) stripping the boxes for stability 
in transit, (3) bracing the boxes on either side of the doorway of the car, 
and, at times, (4) labeling the boxes. When loading cars or trucks solid, 
some of these operations are not performed. 


There are a number of variations in the manner of loading refrigerator 
cars and trucks. To simplify the analysis of loading operations and to 
facilitate the discussion, all of the methods have been grouped into the 
most common types and comparative data are presented for these types. 
The different types and combinations of types of equipment used for mov- 
ing apples out of storage and loading cars or trucks are: (1) Clamp- 
type 2-wheel hand trucks, (2) clamp-type 2-wheel hand trucks and belt 
conveyor, (3) clamp-type 2-wheel hand trucks and floor chain stack 
conveyors, (4) clamp-type 2-wheel hand trucks and elevators, (5) indus- 
trial fork-lift trucks and pallets, (6) industrial fork-lift trucks, 
pallets, and belt conveyors, (7) industrial fork-lift trucks, pallets, 
and pallet dolly, (8) industrial fork-lift trucks, low-lift pallet 
transporters, and belt conveyors, and (9) clamp-type industrial truck 
and belt conveyor. 


In the sections that follow, loading operations are divided into 
two groups of operations for analytical purposes: (1) Blocking out the 
load and manifesting the shipment, and (2) transporting packed boxes 
from temporary blocks or other storage points into the carrier and 
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loading the carrier. Labor and equipment requirements under the various 
methods and types of equipment are first shown for the latter group of 
operations only. In the section covering comparisons of methods, the 
labor and equipment requirements for blocking out and manifesting have 
been added to determine total requirements per 1,000 boxes. 


All methods of loading refrigerator cars apply only to divided and 
braced loads, except that 2-wheel hand truck methods cover both solid and 
divided loads. All methods of loading refrigerated highway trucks apply 
to solid loads. 


In discussing the various methods and types of equipment, it has been 
assumed that boxes of fruit have been blocked out and are ready to be 
moved to the car so that the fruit-handling crew will not delay the car- 
loading crew. The number of workers in the carloading crews and their 
duties are based on usual industry practice. However, in actual practice, 
carloading can be done by one worker if necessary and under some circum- 
stances one or two additional men may be added to the crew if there is a 
need to get the car loaded out by deadline or if there are workers in 
the warehouse who otherwise are not occupied. 


Blocking Out the Load 


Blocking out a load consists of searching through stacks of boxes in 
storage to locate and break out the number of boxes of each grower's lot 
by variety, grade, and size required to make up the load. Because of the 
variability between loads shipped, it is difficult to determine a standard 
time for the operation. 4h / The load may be blocked out either during a 
carloading, or at any time varying from a few minutes to many days before 
the carloading actually begins. When blocked out during carloading, the 
boxes to be loaded are selected and transported directly to the car or 
truck for loading. When blocked out before carloading, the boxes to be 
loaded are selected and transported to a central location where the fruit 
is accumulated in a block or bank. Because blocking out before loading 
frequently is done by the crew during its spare time, the entire load 
usually is not blocked out in a continuous operation. 


The labor required for blocking out is materially affected by the 
method of segregating grades and sizes of fruit in the storage house and 


4h / The operations in blocking out which vary with each load are 
looking for the lot, size, and variety needed and digging into the stacks 
for different sizes when the boxes have been segregated into stacks con- 
taining two or three sizes of fruit. The other operations of blocking 
out--breaking out stacks, picking up, transporting and releasing by the 
transporting unit--are standardized. 


elo 


by the type of sale. An order may include two or more varieties of 
apples, a number of sizes of each variety, and even two or three different 
grades of apples. Another factor affecting blocking-out time is plant 
layout. Average labor requirements for blocking out 1,000 boxes of apples 
are shown in table 127. 


Table 127.--Labor required to block out 1,000 packed boxes of apples by 
use of specified types of equipment 


Type of equipment ; Average labor requirements 
Man-hours 
Clamp-type 2-wheel hand truck : 3.58 
Industrial fork-lift truck : 095 
Industrial clamp-lift truck : Leg 


When fruit is moved directly from the end of the packing line to the 
car for loading, the loads are blocked out while the packed boxes are 
being segregated, provided the plant is packing the variety of apples 
being shipped on advance sales orders, and the management prefers to ship 
the fruit being packed instead of fruit packed earlier in the season. 
Instead of moving the fruit to storage from the segregating area, hand 
truckers build the carload lots in storage near a belt conveyor or shipping 
platform. Usually this method of blocking out takes place late in the 
packing season, since earlier in the season the warehouse usually does not 
have enough space in the cold storage rooms. 


Manifesting the Shipment 


Manifesting a shipment is the preparation of a check or tally sheet 
showing the number of boxes going into a shipment by variety, size, and 
grade. Frequently, the manifest is made up of certain sizes and grades 
and considerable time is spent in locating the necessary number of boxes 
of each grade and size to go into the blocked-out load. Usually the 
manifest is made up of the normal run of sizes of a certain grade in @ 
certain lot, excluding only very large or very small sizes. 


The manifest can be made up while the load is being blocked out 
before loading or during loading. In either case, one or two workers 
usually prepare the manifest. When this operation is performed during 
carloading it is performed in connection with blocking out the fruit. 

One worker counts and records the stacks as they are moved out of the 
cold storage area. Occasionally, manifesting is done after boxes are 
placed in the car. A worker obtains a tally of each tier as it is placed 
in the car by having one of the carloaders call out the sizes and grades 
to him. 
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An analysis of manifesting operations shows that labor requirements sare 
lowest for "check manifesting," in which the worker only counts the number 
of stacks of different sizes rather than individual boxes. When individual 
boxes were counted by one worker and called off to another worker, the 
labor required is 0.45 man-hour per 1,000 boxes (table 128). 


Table 128.--Labor required to manifest 1,000 packed boxes of apples when 
check manifested and when completely manifested 


Type of manifest Plants Studies: Pebor requirements 


: High : Low ; Average 

: Number Number :; Man-hrs. Man-hrs. Man-hrs. 
Check manifesting : 3 3 : 0.12 0.09 0.10 
Complete manifesting : 5 5 : ~50 235 AS 


e ° 
e e 


Transporting Fruit from the Storage 
Point to the Carrier 


For the purposes of analysis, transportation begins when packed boxes 
of fruit are picked up in the blocked-out bank or from its storage posi- 
tion for movement into the car and ends when the fruit arrives in the car, 
or at a stacking point in the car. For the transporting vehicles this 
includes the operation of picking up in the cold storage room, transporting 
to the railroad car and releasing in the railroad car. By use of the belt 
conveyor method, boxes are transferred to the belt after the stacks of 
boxes have been moved to the conveyor. Transportation distances from the 
storage point to the release point inside the car or truck are standardized 
at 110 feet. 


Loading Refrigerator Cars 


Loading refrigerator cars consists of the following operations: 
(1) Stacking or stowing the boxes, (2) stripping boxes for stability, 
(3) bracing boxes on either side of the doorway or filling the doorway 
solid, and (4) labeling the boxes. 


Two different loading patterns are used commonly for stacking packed 
boxes of apples in refrigerator cars. The first of these is shown in 
figure 110. Boxes are stacked 6 high in rows across the cars that are 
7 stacks wide, with 19 rows making up the carload. When the boxes are 
stacked in this pattern, the load is stabilized by nailing lath across 
the top of the second, fourth, and sixth tiers of boxes, or on the third 
and sixth tiers in the car. 
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Figure 110.--A divided refrigerator carload of apples stripped with lath and braced 
in the doorway. Each of the 19 rows across the car contains 42 boxes--6 boxes high 
and 7 boxes wide. 


In the second loading pattern, which is shown in figure lll, boxes are 
stacked 5 high and 8 wide across the car for a total of 20 rows. When 
this pattern is used no lathing is needed. Boxes are loaded against the 
sides of the car, thereby preventing the side shift that is a problem in 
the other pattern. 
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Figure 111.--A solid loaded refrigerator carload of apples loaded sideways and length- 
wise. Each of the 20 rows contains 40 boxes. 


When cars are not loaded solid, stripping the load by lathing or 
slatting the boxes is necessary to give stability to the load in transit. 
Specifically, stripping is the nailing of strips of lath across the ends 
of boxes in the rows of boxes. These strips extend to each side of the 
car to give sideway stability. Stripping every third tier of boxes in 
a stack requires less time than stripping every second tier. 


Stripping the rows of boxes in the car must be closely integrated 
with stacking fruit or delays will be caused by one worker waiting on 
the other. The first laths are nailed in place after the first eight 
boxes in a 2-high, 4-wide row,or 12 boxes in a 3-high, 4-wide row, have 
been stacked. Four pieces of lath are nailed on top of the first section 
of stacked boxes (two on the front end of the box and two on the back of 
the box.) This operation is repeated on the second and fourth tiers, 
but on the sixth tier only two laths are nailed in place across the 
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front of the box because of the limited working space between the top of 
the boxes and the car ceiling. 


Refrigerator cars are loaded either in solid loads or in divided loads. 
Divided loads are braced by use of a wood framework to take up slack space 
in the car. In a solid load slack space is eliminated by arranging the 
boxes in such a way that they completely or almost completely fill the 
car. Bracing the doorway of the car, or filling in the doorway of the 
car solid with boxes of fruit, is the final carloading operation. 


The first step in bracing a load is the construction of two gates 
which are placed against the stacked boxes in the doorway of the railway 
car. As shown in figures 112 and 113, these center gates usually are 
made of 2- by 4-inch and 1- by 4-inch lumber. (Some plants build the 
gates inside the car. Other plants have a jig on which the gates are 
bus; ) 


Figure 112.--An approved type of car Figure 113.--An approved type of car 
brace (Type A) with the main support brace (Type B) with the main support 
horizontal, vertical. 
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After the gates are placed against the stacks of boxes in the car, the 
carloader jacks or wedges the gates back and places 2- by 4-inch spreaders 
to maintain the position of the boxes. These spreaders usually are placed 
individually after each row of boxes has been moved back as far as possi- 
ble and they occupy most of the space that was left between rows while the 
car was being loaded. This type of bracing is shown in figure 112. 


Another type of center gate bracing is similar to the type previously 
described except that the main supports are across the boxes or horizontal 
rather than vertical to the stacke (fig. 113). The two types of gates 
require the same time to build and install. 45/ 


When cars are loaded solid, the necessity for bracing is eliminated. 
If the carload of boxes has been stripped, additional work must be done in 
order to load the car solid lengthwise. With the load stacked 6 high, 
7 stacks wide across the car, the load would be in excess of 798 boxes if 
this stacking arrangement continued into the doorway. Therefore, the 
6-high stacks are reduced to five boxes high near the doorway. 


Since a drop from a 6-high to a 5-high stack would leave the top row 
of boxes on the 6-high stacks free to shift during transit, a rack, con- 
structed of 2- by 4-inch lumber, 8 feet long and about 18 inches wide, 
is usually placed under the first lower row; sometimes the rack is placed 
between the fourth and fifth tiers of boxes. Thus, the lower stacks over- 
lap the top boxes of the higher stacks by about 3 inches (fig. 114). The 
next row is stacked 5 high, on the regular floor rack, overlapping the 
racked-up stack. This ties the entire load together, and with the de- 
sired number of boxes in the load. With a two-way solid load (8 wide and 
5 high throughout the car, including the doorway) it is unnecessary for 
the stacks to be broken out near the door. 


When either of the lengthwise solid loading methods is used the boxes 
must be pushed back from the doorway to insure a compact load. After the 
stacks have been pressed back into the car as far as possible the remeain- 
ing space in the doorway is filled with boxes. Because the dimensions of 
refrigerator cars vary, the pattern of stacking in the center cannot be 
completely standardized. From 35 to 84 boxes can be placed in the center, 
depending on the size of the car. If extra space is left in the doorway, 
this space is taken up by a single gate or dunnage filler. 


45/ Specification of standard containers and loading rules for fresh 
fruit and fresh or green vegetables (not cold packed or frozen), freight 
container tariff No. 1-C, Pacific Ccast and Transcontinental Territories-- 
J. J. Quinn, Agent, Chicago, I1ll., November 1950. 
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work and one or two workers build the braces. 
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Table 129.--Comparative labor requirements for operations performed inside the car in loading 
1,000 packed boxes of apples in refrigerator cars when loads are divided and braced and when 
loaded solid, by use of belt conveyor to supply the carloading crew 


Labor requirements 


Operation oO oads : _ Divided and braced loads 
pESdusEhiss Fatigue : Total :Productive: Fatigue ; Total 
labor :allowance: labor ; labor :allowance: labor 


Man-hours Man-hours Sa neee: Man-hours Man-hours Man-hour s 


re 


Stack boxes in proper loading 


° 
. 
° 
. 
° 
. 
ry 
. 
. 
: 
° 
e 


position 
Strip each 2nd tier of boxes - - - 90 09 99 
Brace load or fill in doorway solid: aOo) 05 -60  ; 83 08 91 
Total man-hours 7 2A £27 1.91; 2.92 41 3.33 


The solid load requires slightly less labor for stacking boxes in 
place because the last few boxes are stacked solid in the center of the 
car. The labor required for stripping is eliminated by use of the solid 
load, saving almost one man-hour, and filling in the center of the car 
requires less labor than putting in braces. 


The choice of either of these two types of loads may depend upon factors 
other than the amount of labor required. Loading regulations designate the 
divided and braced load as the approved method of carloading. However, 
freight claim statistics show that recoopering and bad order damage are not 
great enough to offset the extra cost of the braces. 46/ Furthermore, 
some shippers who regularly ship in solid loads indicate that the arrival 
condition of these cars is very good provided all slack is removed from 
the load. 


Although boxes usually are not 
labeled in the car, in some cases 
fruit is held unlabeled and sold 
subject to the buyer's label or a 
specified label being placed on the 
box. In such cases, boxes are 
labeled as they are loaded (fig. 115). 
However, this operation cannot be 
considered a part of carloading 
since labeling is regularly per- 
formed at the packing line. 


Except for those boxes loaded 
in the doorway, boxes are labeled 
after they are placed in the car. 
Otherwise, the worker's hand would 


Figure 115.--Labeling boxes of apples in 
refrigerator car. 


46/ "Car Bracing," Apple Research Digest No. 24, September, 1948, 
Yakima, Wash. 
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tend to push the wet labels out of place or tear them. Labeling usually 
begins after the first row of boxes has been placed in the car and lathed. 
While the labeler is placing the labels on the boxes, the stacker and 

lather proceed to the other end of the car and begin stacking and stripping. 
In this manner the stacker and lather change positions in the car after each 
row and the labeler follows then. 


Because boxes are only rarely labeled inside the car, a standard time 
value for this operation is not included in the analysis. ¥ 


Loading Refrigerated Highway Trucks 


Refrigerated highway trucks are loaded in a greater variety of ways 
than refrigerated cars, with loads varying from 600 to 800 boxes. Methods 
used, including crew arrangements, and labor requirements for blocking out 
and the transporting of fruit from the storage point into a highway truck 
are the same as when loading refrigerator cars. However, no bracing or 
stripping is used in loading motortrucks. Therefore, the differences be- 
tween loading highway trucks and refrigerator cars are not great and only 
a limited amount of adjusting of refrigerator car data is necessary to 
present an adequate analysis for the trucks. These adjustments are based 
on differences in operation of the loading crew. 


In loading highway trucks, the carrier is entered from one end of the 
truck body rather than from a center door as in the refrigerator cars. 
Highway trucks always are loaded solid and usually the rows across the 
truck bed are broken down to distribute an extra amount of weight over 
the rear wheels of the truck. The stacking pattern varies, with the front 
parts of the load being only 2 boxes high and gradually increasing in 
weight to the rear of the truck bed where the rows are 7 boxes high. 


Clamp-Type 2-Wheel Hand Trucks 


Refrigerator Cars in Solid Loads 


Restacking boxes in car.--The common method of loading cars by use of 
2-wheel hand trucks is for 6-high stacks of boxes to be transported from 
the temporary block or storage point into the car and released in that 
end of the car in which the carloading crew is working. Boxes are lifted 
from the stacks one at a time and stowed into final storage position. 
(This method is used for loading either a solid or a divided load.) 


Five men are employed in the crew. Three men transport 6-high stacks 
110 feet to the car and into it releasing the fruit in front of the men 
stacking boxes. Two workers inside the car manually lift the boxes, just 
delivered, one at a time, and build 5-high stacks in the proper loading 


a (ee 


positions (fig. 116). This cycle is 
repeated until 91 percent of the 
boxes have been placed. The remain- 
ing boxes are then used to fill in 
the doorway solid. 


By this method, 8.04 man-hours 
of labor are required per 1,000 boxes 
loaded--33 percent of it in waiting, 
57 percent (or 4.61 man-hours) in 
transporting (table 130). The 
elapsed time required is 1.61 hours. 


Jacking stacks of boxes into 
Figure 116.--Loading boxes of apples solid position.--An improved method of 
across the car. loading cars by hand trucks requires 
a k-man crew. Three workers hand 
truck 5-high stacks into the car and one worker, by use of a jack, jacks 
the stacks into tight position. Two of the men in this crew fill in the 
doorway solid when that point in carloading is reached. 


Table 130.—-Labor required for a 5-man crew to move 1,000 packed boxes of apples out of storage 
and solid load refrigerator cars by use of clamp-type 2-wheel hand trucks when boxes 
are restacked 1/ 


sProductive: Fatigue : Wait ; Total 
: labor :allowance: time : labor 
sNumber : Man-hours Man=hours Man=hours Man=-hours 


Operation ‘Workers 


Set up and clean up 


5 0. 26 0.0 0.09 0.35 

Pick up 6-high stacks by use of hand trucks 3 29 203 Ae) ey 
Transport 110 feet to stacking point in car 3 7. 1.88 <9 14 eae! 
Release 6-hign stacks in car in front of carman: 3 : 250 005 1.53 2.08 
Stack boxes in railroad car te @- 5 71.50 026 052 1.88 
Fill in doorway solid with boxes 2 2 D0 -10 °60 1.20 
Total man-hours foley as 63 2.68 8.04 
Elapsed time—hour s aa 1.61 


Wf Labor requirements shown do not cover b]» «ing out and manifesting loads. 


The box jack is a small pry bar with a hinged metal brace used as a 
heel to give leverage in prying the stack into place. One worker posi- 
tions the 5-high stacks by placing his foot against the heel of the jack 
and pulling back on the pry bar (fig. 117). Usually the hand truck 
releases the load as closely as possible to the loading position, so a 
minimum of jacking is required. 


This method requires 7.40 man-hours of labor to load 1,000 boxes 
(table 131). Of the total labor required, 23 percent was lost in wait 
time. Sixty-four percent of the labor required was used in transporting 
fruit to the car. 


Figure 117.--Hand jacking stacks of boxes into position. 


Table 131.--Labor required for a 4—-man crew to move 1,000 packed boxes of apples out of storage 
and solid load a refrigerator car by use of clamp-type 2-wheel hand trucks and box 
jack when stacks are jacked into position 1/ 


:Productive: Fatigue : Wait : Total 


Operation jllorkers’ “labor allowance: time : labor 
:Number : Man-hours Man-hours Man-hours Man-hours 
Set up and clean up a 44 s <Ove2 0.0 0.06 0.228 
Pick up 5—high stacks by use of 2-wheel : : : 
hand trucks 3 3 3 235 204 -O 39 
Transport 110 feet to the stacking point in : : 
car ee 8S, Es | eeie6 223 214 2.63 
Release 5-high stacks in car for positioning fs : 
by use of box jack : 38 : 78 08 286 neSy i 
Position stacks in place by use of box jack : 1°: 2.06 oid Ol 1.18 
Fill in doorway solid with boxes 2 ees 250 10 -60 1.20 
Total man-hours ae eee .56 1.67 7.40 
Elapsed time—hours : ; 1.85 


ay Labor requirements shown do not cover blocking out and manifesting loads. 


Comparison of hand-truck methods for solid loading of refrigerator 
cars.--The improved method of loading cars by hand trucks and a box jack 
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incurs labor and equipment costs of $8.63 per 1,000 boxes, which is 
$0.73 less than by use of the common method (table 132). 


The improved method of loading cars by use of the box jack saves 
0.64 man-hours. Offsetting this saving, the improved method requires 
15 percent more elapsed time to complete the loading operation. However, 
it should not be assumed that all of the advantages and disadvantages of 
these two methods are shown by these figures. The improved method is more 
desirable from the standpoint of preserving fruit quality. The unit loads 
of five boxes each are not broken out and each box is not roughly handled 
which is in contrast to the common method by use of which each box is 
lifted individually and put into place. 


Table 132,--Comparative labor and equipment costs for moving 1,000 packed boxes of apples out of storage and solid 
loading refrigerator cars by use of 2 specified clamp-type 2-wheel hand truck methods V/ 


: : * Labor and equipment required * Labor and equipment costs 

: Blapsed ? —_________ 
Method uierhee 3 time * Equipment * Wait > Total oe > Labor : ° 2208 s 7 

: : : time > time > labor ‘Equipment: 2 : Current :Assume 


3: wages : Wages 


:Number ; Hours :achine-hours:Man-hours Man-hours: Dollars Dollars Dollars Dollars 


Boxes restacked in car 
Three workers hand truck 
110 feet into the railroad ; 
car; 2 workers stack boxes : 


and fill in doorway solid ; : Fl : Ri 
with boxes : 5 : 1.61 =: 4.82 : 2.68 8.04 : O.11 9.25 9.36 11.37 


Boxes positioned with hand 
jack 
hree workers hand truck 
110 feet to the railroad 
car; 1 worker jacks stacks ; 
into place, and fills in B 3 f : : 
doorway solid with boxes : 4 :1.85 : 4.95 #8167 7.40 : 12 8.51 8.63 10.48 


1/ Costs shown do not cover blocking out and manifesting loads. 
2/ Computed from "current" wage rates. 


Refrigerator Cars in Divided Loads 


The practice of loading refrigerator cars with divided and braced 
loads is more widespread than with solid loads. The usual method of 
loading a car by hand trucks, when the load is divided and braced, is to 
wheel 6-high stacks into the car and release them in the end where the 
loading crew is working. The carloading crew manually lifts each box 
from the 6-high stacks and rebuilds stacks of the same height at the 
proper position in the row. The rows are built across the car so that 
each row can be stripped at each second tier of boxes. 47/ Boxes are 
stacked into position until they reach the doorway where space is left 
to insert or construct two braces which are wedged apart holding the load 


47/ In practice, some firms strip only two tiers rather than three. 
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solid in both ends of the car. A 6-man crew is used--3 hand truckers, 
2 carloaders, and 1 worker to strip each row and construct the braces to 
fill in the doorway. 


A hand truck can be used for loading cars only when the height of the 
shipping platform permits fruit to be hand trucked across a bridgeplate 
into the railroad car. 


As shown in table 133, 7.50 man-hours of labor are required per 
1,000 boxes to load refrigerator cars when the load is braced and hand 
trucks are used for transporting. Only 9 percent of this labor was wait 
time. Of the total labor required, 3.08 man-hours, or 41 percent, was 
required for hand trucking. The elapsed time required to load by this 
method, using a 6-man crew in part of the work, was 2.01 hours. 


Table 133.--Labor required for a 6-man crew to move 1,000 packed boxes of apples out of storage 
and load a refrigerator car by use of clamp-type 2-wheel hand trucks when the load 
is divided, braced, and stripped 1/ 


Operation ‘Workers: 


Set up and clean up : 6 +: 0.26 0.0 0.16 0.42 


Pick up 6-high stacks by use of 2-wheel : : 
hand trucks : 3 3 02 203 Ae) 252 
Transport 110 feet to the stacking point : 


inside car 3 
Release stacks in car in front of carloaders 3 3 . 
Stack boxes in the railroad car : 2. 3 1.43 229 254 2.06 
Strip every 2nd tier of boxes in railroad car ly ns 
Brace doorway at 


Total man-hours th ey Gy08 .73 .68 7.50 


Elapsed time—hours ; 2.01 


1/ Labor requirements shown do not cover blocking out and manifesting load. 


Loading Refrigerated Highway Trucks 


The size and arrangement of the crew outside the truck, when boxes 
are loaded into highway trucks by hand trucks, is the same as when load- 
ing refrigerator cars. However, in practice the number of hand truckers 
used depends on the transportation distance involved. In this case, a 
distance of 130 feet is assumed, since 20 feet additional transportation 
distance are necessary, above the 110 feet, when refrigerator cars are 
loaded, because the hand trucker must travel the length of the highway 
truck bed. Even though the distance is increased, three hand truckers 
can supply the two workers inside the highway truck who stack the boxes 
in a solid load. 


Seated 


The use of hand trucks and a 5-man crew to load a highway truck 
requires 5.80 man-hours of labor per 1,000 boxes and an elapsed time of 
1.16 hours (table 134). Less labor is required than in loading a similar 
number of boxes into refrigerator cars because no gate is placed in the 
center of the highway truck. The operation is fairly efficient with 
only slightly less than 10 percent delay time. 


Table 134,--Labor required for a 5-man crew to move 1,000 packed boxes of apples from storage and 
solid load refrigerated highway trucks by use of clamp-type 2-wheel hand trucks a/ 


:Productive: Fatigue : Wait : Total 


Operation .WOrkers | labor :allowance; time =: labor 


° 
SS ED 


Set up and clean up : 5a ie 0526 0.0 0.09 0.35 
Pick up 6=high stacks in storage by use of : 
2-wheel hand trucks : 3 os 229 03 00 52 
Transport 130 feet to stacking point inside : 
motortruck 3 2.33 +) ae) 2.96 
Release stacks at stacking point inside truck 3 35 04 Ao) 39 
Stack boxes in highway truck 2 1.43 229 046 2.18 
Total man-hours : =: 4,66 59 255 5.80 
Elapsed time—hours : : 1.16 


1/ Labor requirements shown do not cover blocking out and manifesting loads 


Clamp-Type 2-Wheel Hand Trucks, Belt Conveyors, 
and Gravity-Type Roller Conveyors 


The most widely used combination of equipment for loading refrigerator 
cars and motortrucks consists of gravity-type roller conveyors, belt con- 
veyors, and clamp-type 2-wheel hand trucks. Even in industrial-truck 
operations conveyors are used in combination with industrial trucks which 
replace hand trucks. When hand trucks are used to bring fruit to the 
conveyor, the method is the same as that used for performing other cycles 
of operations in which fruit is placed on a belt conveyor. The use of 
the belt conveyor permits fruit to be moved from any floor or storage 
room to the carrier. 


Sections of gravity-type conveyor are used inside the car or motortruck 
as a means of moving boxes of fruit from the belt conveyor to the end of 
the car. As one end of a car is loaded, the conveyor is gradually with- 
drawn to the other end and finally removed, a small section at a time, as 
the second end is loaded. 


Loading Refrigerator Cars in Divided Loads 


6-man crew using "turn man."--The more common method using hand truck, 
belt conveyor and gravity roller conveyor in loading a refrigerator car 


Figure 118.--Placing packed boxes of Figure 119.--Packed boxes of apples 
apples on a belt conveyor in a cold being transported by a belt conveyor. 
storage room. 


employs a 6-man crew, one member of 
which is stationed at the car door 

as a turn man. Two men hand truck 
6-high stacks of boxes 50 feet and 
release the stacks beside a belt con- 
veyor. One worker places fruit on 
the belt which conveys boxes to the 
car door (figs. 118 and 119). The 
turn man standing in the doorway of 
the car transfers the boxes from 

the belt conveyor to a portable 
roller conveyor and gives each box 

a slight shove so that it rolls to 
the carloader in one end of the car Figure 120.--The turn man and stacker in 
(fig. 120). The carloader removes a refrigerator car. 

boxes of fruit from the roller con- 

veyor and stacks them in loading position, while another worker strips 
each required row of boxes to keep them from shifting crosswise of the 
Car. 


This method of loading cars in divided and braced loads requires 
9.00 man-hours per 1,000 boxes, and an elapsed time of 2.44 hours 
(table 135). Sixteen percent of the labor is required for transferring 
boxes from the belt conveyor to the roller conveyor and 3.22 man-hours 
for moving boxes to the car, which is 36 percent of the total labor. 


5-man crew using curved section of gravity conveyor.--An improved 
method of loading cars by hand truck, belt conveyor, and gravity roller 
conveyor, makes use of inclined, curved sections of gravity roller con- 
veyor or box accelerators (figs. 121 and 122). Use of either of these 
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Table 135.--Labor required for a 6-man crew to move 1,000 packed boxes of apples out of storage 
and load refrigerator cars by use of clamp-type 2-wheel hand truck, belt conveyor, 
and gravity roller conveyor when loads are divided, braced, and stripped Ty 


: :Productive: Fatigue : Wait > Total 
pecreuren jeoueene: labor :allowance: time : labor 


Number ? Man-hours Man-hours Man-hour s Man-hour s 


—— NT 


° ° 
° 


Set up and clean up = 6 © O.el 0.0 0.37 0.58 
Pick up 6-high stacks by use of 2-wheel : : 
hand truck Oy Porat Fr 22 03 20 032 
Transport 50 feet to belt conveyor a ass 97 10 208 1.15 
Release stacks beside belt conveyor in 
double rows Ser e!® ies 229 203 20 052 
Place boxes on belt conveyor eee aren ve Oh) eal olT 1.43 
Transfer boxes from belt conveyor to gravity : 
roller conveyor : al 1.04 10 ors) 1.43 
Stack boxes in the railroad car : 01. = “L.19 0 a4 Ae) 1.43 
Strip every 2nd tier of boxes stacked in : 
railroad car s 1: °90 209 044 1.43 
Brace doorway of railroad car 2 Beles: 85 08 ALG, 91 
Total man-hours 2 = 3: 6.77 -88 1.35 9.00 
Elapsed time—hours 3 $ 2. 44 


ay Labor requirements shown do not cover blocking out and manifesting loads. 


two devices under proper conditions eliminates the need for a turn man. 
Except for this difference the procedure and arrangement of workers is the 
same for this method and the method previously described. 


Figure 121.--Curved roller conveyor 
slanted to carry boxes to stacker. 


The inclined, curved sections 
of roller conveyor can be used only 
where the height of the loading dock 
and the car are such that an incline 
will allow the boxes to roll around 
the curve and onto dead conveyor Figure 122.--Box accelerator 
sections by gravity. Where the used in carloading. 
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loading dock is too low in relation to the top of the floor rack in the 

car to provide the proper inclination, a box accelerator is used. The 

box kicker or accelerator is a short section of powered chain conveyor 
which adds momentum to the boxes as they move from the belt conveyor, so 
they will roll over the dead section of roller conveyor to the stowing 
point in the car. The box kicker also spaces the boxes so that they do 

not arrive too fast or irregularly for handling by the carloader (fig. 123). 


Figure 123.--Box accelerator sending boxes through car door to stacker. 


Table 136.--Labor required for a 5-man crew to move 1,000 unpacked boxes of apples out of storage 
and load refrigerator cars by use of clamp-type 2-wheel hand truck, belt conveyor, and 
gravity-type roller conveyor (including straight and curved sections) when loads 
are divided, braced, and stripped 1/ 


:Productive: Fatigue : Wait Total 


Operation - Workers. labor :allowance: time : labor 


Set up and clean up : § 0.21 - 0.27 0.48 
Pick up 6=high stacks by use of 2-wheel 3 2 
hand trucks : IEP 02 0.03 «0 23R 
Transport 50 feet to belt conveyor cere re 97 10 08 1.15 
Release stacks beside belt conveyor in double : 
rows sme 229 203 -O 052 
Place boxes on belt conveyor se ek <3) 105 eel ely 1.43 
Stack boxes in railroad car aes 1.19 © 24 20 1.43 
Strip every 2nd tier of boxes stacked in the : 
railroad car S90 a: 90 209 044 1.43 
Brace doorway of railroad car eee See 2835 208 Ae) 91 
Total man-hours s = 3: 5.73 78 96 7.47 


Elapsed time—hours : 2.44 
af Labor requirements shown do not cover blocking out and manifesting loads. 
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As shown in table 136, 7.47 man-hours of labor are required to load 
1,000 boxes. The elapsed time is the same as by use of the common method. 


Comparison of Hand-Truck-Conveyor Methods for Divided 
Loading of Refrigerator Cars 


When a 6-man crew, which includes a turn man, is loading refrigerator 
cars, labor and equipment costs are $1.76 more per 1,000 boxes than when 
a 5-man crew using a curved down section attached to the roller conveyor 
is employed (table 137). This saving is due to a reduction in labor. The 
use of the box kicker, when the height of the loading platform is insuffi- 
cient for use of the curved conveyor section, would be of advantage. 
However, too great a speed and rhythm in bringing boxes to the worker 
stacking them in the car induces rough handling. There is no assurance 
that a turn man would not be inclined to set a rhythmic pace also. 


Table 137.--Comparative labor and equipment costs for moving 1,000 packed boxes of apples out of storage and 
loading refrigerator cars by use of 2 specified clamp-type 2-wheel hand trucks, 
belt conveyors, and gravity-type roller conveyor methods when 
loads are divided, braced, and stripped 1/ 


. 4 * Labor and equipment required is Labor and equipment costs 
Method : Workers; Flapsed. eee : : 3 : Total costs 
: ; time , Equipment , Wait , Total equipment: Leber .turrentzassumed 
time , time : labor - 


: 3 : Wages ; wages 
:Man-hours Man-hours: Dollars Dollars Dollars Dollars 


umber ; Hours ;:Machine-hours 


: 


Turn man 
Two workers hand truck 50 
feet to belt conveyor, 
1 worker places on, 1 : : : : 
worker stacks boxes off the: : : : 
belt conveyor, 1 worker : : 
strips load and braces : : : : 
doorway > 6 +: 2.44 3: 3/ 4.65 ; 1.35 9.00 : 1.29 10.35 11.64 13.89 


No turn man . 
Two workers hand truck SO 3 : 
feet to belt conveyor, 3 : : 
1 worker places on, 1 : : H 
worker stacks boxes off 
belt conveyor, 1 worker 
strips load and braces : : : : 
doorway > 5 : 2.44 : 3/465 : .96 7.47 : 1.29 8.59 9.88 11.75 


ayy) Costs shown do not include blocking out and manifesting loads. 

2/ Computed from "current" wage rates. 

3/ Clamp-type 2-wheel hand truck 1.79 machine-hours, 100-foot belt conveyor 1.43 machine-hours, 15-foot 
gravity roller conveyor 1,43 machine-hours, total 4.65 machine~hours. 


Loading Refrigerated Highway Trucks 


When highway trucks are loaded by conveyors, slightly longer sections 
of roller conveyor are used in the truck than are used in refrigerator 
cars, since the conveyor must reach from one end of the truck to the 
other. In refrigerator cars the conveyor extends only one-half the length 
of the car. A small increase in setup time is necessary because of the 
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extra length of roller conveyor used and the method of setting up the 
conveyor in the truck. Belt conveyors are as widely used for loading high- 
way trucks as for refrigerator cars because belt conveyors used in receiving 
are available later for out-loading. However, in some belt-conveyor and 
hand-truck plants it may be necessary to move the fruit to ground floor 

on belt conveyors and then hand truck it into the highway truck, when load- 
ing is done in an area not serviced by belt conveyor. 


6-man crew using box spacer.--When belt conveyors are used to load 
highway trucks, one worker, usually the truck driver, spaces the boxes as 
they roll into the truck, thus making it more convenient for the worker 
stacking fruit into position to perform this operation. The truck driver 
usually is not employed by the apple house and is not obligated to assist 
with loading operations but wishes to see that the truck is satisfactorily 
loaded. 


When belt conveyors are used to load highway trucks, two workers hand 
truck fruit 60 feet from the storage position to the belt and one worker 
loads boxes on the conveyor. At the highway truck, one worker (the truck 
driver) pushes boxes onto the roller conveyor as they move by, thus serving 
as a "turn man and box spacer," two workers stack the boxes. By use of this 
method 1,000 boxes can be loaded into highway trucks with 7.70 man-hours of 
labor and in an elapsed time of 1.44 hours (table 138). Delays that occur 
in the operation account for 20 percent of the total labor. Most of it is 
by the workers stacking boxes inside the truck. About 3.22 man-hours or 
42 percent of the labor are required for moving fruit to the truck. 


Table 138.--Labor required for a 6-man crew to move 1,000 packed boxes of apples from storage and 
solid load highway trucks by use of belt conveyor, clamp-type 2-wheel hand truck, and 
gravity-type roller conveyor 1/ 


: sProductive: Fatigue : Wait : Total 
Operstion shorkers labor :allowance: time : labor 
:Number : Man-hours Man-hours Man-hours Man-hours 
Set up and clean up : 64 : 0.55 0.0 0.35 0.70 


Pick up 6-high stacks by use of 2=wheel 


hand trucks 2 029 203 0 32 
Transport stacks 60 feet to belt conveyor 2 1.14 ell 07 1.32 
Release stacks beside belt conveyor 2 229 203 0 232 
Place boxes on belt conveyor aL 1.05 al Ae) 1.26 
Push boxes along roller conveyor leading into 

truck 1 1.04 10 12 1. 26 
Stack boxes inside highway truck 2 1.25 025 1.02 2.52 

Total man-hours Seg sl .73 1.56 7.70 
Elapsed time—hour s : : 1.44 


1/ Labor requirements shown do not cover blocking out and manifesting loads. 


h-man crew without box spacer.--An improved method of loading a 
highway truck eliminates the worker spacing boxes as they enter the truck 
and one of the loaders inside the truck. This reduction in crew size is 
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accomplished by having the worker who places boxes on the belt conveyor 
space them at regular intervals and by setting up the belt conveyor so 
it will force the boxes on the roller conveyor to the loading area (fig. 


By this method two workers 
hand truck 6-high stacks 60 feet 
from the storage point to the belt 
conveyor, one worker inside the plant 
places boxes on the belt, and one 
worker stacks boxes as they arrive 
inside the truck. The improved 
method of loading highway trucks 
using only one loader and no box 
spacer reduces the labor required to 
load 1,000 boxes to 5.51 man-hours, 
or 28 percent below that required by 
use of a 6-man crew (table 139). 
Wait time is reduced to 9 percent of Figure 124.--Boxes moved into a highway 


the total labor requirements. Al- truck by belt conveyor. The belt forces 
though the labor requirement for the boxes on the roller conveyor to the 
moving fruit to the carrier by this end of the truck. 


method is the same, proportionately 

more labor is required because of the smaller total labor requirements. 
Although the total man-hours of labor are reduced by the improved method, 
the elapsed time required to load the carrier is increased 24 percent. 


Table 139,--Labor required for a 4~-man crew to move 1,000 packed boxes of apples from storage and 
solid load highway trucks by use of belt conveyor, clamp-type 2-wheel hand truck, 
and gravity-type roller conveyor 1/ 


$ :Productive; Fatigue : Wait : Total 
Operarsor getEeL labor sallowance: time ; labor 
:Number :Man-hours Man-hours Man-hours Man-hour s 


Set up and clean up > 2 : 0.35 0.0 0.20 0.55 


Pick up 6-high stacks by use of 2-wheel : 5 

hand trucks : coe 029 003 20 052 

Transport stacks 60 feet to belt conveyor 7 pew es ee old 207 1.32 

Release stacks beside belt conveyor 2p ae 2 29 -03 00 232 

Place boxes on belt conveyor geod : 1.05 wal » 24 1.50 

Stack boxes inside highway truck ome si Pulee5 220 Ae) 1.50 
Total man-hours ee oe 8) £63 51 5.51 
Elapsed time—hours : ‘ 1.78 


1/ Labor requirements shown do not cover blocking out and manifesting loads. 


Comparison of Hand-Truck-Conveyor Methods 
for Loading Highway Trucks 


The improved method reduces labor costs substantially but increases 
the elapsed time of loading the truck about 20 minutes and, therefore, 
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increases machine cost slightly. The net saving in combined costs of 
labor and machines is $2.31 per 1,000 boxes (table 140). 


Table 140,--Comparative labor and equipment costs for moving 1,000 packed boxes of apples from storage and solid 
loading highway trucks by use of specified belt conveyor, clamp-type 2-wheel hand truck, 
and gravity roller conveyor methods val 


: ¥ : Labor and equipment required i Labor and equipment costs 
Method :Workers;Elapsed, : : : = : Total costs 
: ; time , Equipment . Wait , Total :Equipment; Labor ,Current,Assumed 
time , time :. labor , : 


7 5 : : : SS +: wages ; wages 
- :Number ; Hours :Machine-hours:Man-hours Man-hours: Dollars Dollars Dollars Dollars 


Using box spacer 
Two workers hand truck 60 
feet to conveyor, 1 worker : 2 
places on conveyor, 1 worker: : : : 3 
pushes boxes on roller, 
2 workers stack boxes inside: 


op ee re 
oe ee oe 


oe 00 08 oe 


truck : «6 1.44 : 3/ 4.48 : 1.56 7.70 : 1.21 6.86 10.07 11.99 
Without box spacer : : : “3 2 
workers hand truck 60 3 Fs 
feet to conveyor, 1 worker :; 3 
places on conveyor, 1 worker: H 3 
stacks boxes inside highway : : f3 : : 
truck 4 2 2.78: 3 4/ 4.96 : 251 5.51 : 1.42 6.34 7.76 9.13 


2 
. 
= 


1/ Costs shown do not cover blocking out and manifesting loads. 

2/ Computed from "current" wage rates. 

3/ Clamp-type 2-wheel hand truck 1.96 machine-hours, 100-foot belt conveyor 1.26 machine-hours, 30-foot 
gravity roller conveyor 1.26 machine-hours, total 4.48 machine-hours. 

4/ Clamp-type 2-wheel hand truck 1.96 machine-hours, 100-foot belt conveyor 1.50 machine-hours, 30-foot 
gravity roller conveyor 1.50 machine-hours, total 4.96 machine-hours. 


Clamp-Type 2-Wheel Hand Trucks and 
Floor Chain Conveyors 


Floor chain conveyors in combination with hand trucks were not used 
to load refrigerated cars and motortrucks at the time field studies were 
conducted. However, this equipment could be used for loading carriers 
and its comparative efficiency determined by constructing a method by 
use of elemental data. Because a large volume of fruit must be handled 
over a floor chain conveyor to keep ownership costs within reasonable 
limits, it is doubtful whether many plants have a large enough volume of 
fruit moving from one floor, and from one part of that floor, so that 
the floor chain conveyor could be utilized efficiently. 


A possible floor chain conveyor and 2-wheel hand truck method for 
loading would employ one man for hand trucking boxes 30 feet to a con- 
veyor, and one worker removing stacks of boxes from the conveyor and 
hand trucking them 20 feet into the car. Two workers would be used for 
stacking and stripping boxes inside the car and installing the braces. 


As constructed from elemental data from other operations, use of 
this method of loading cars would require a total of 6.62 man-hours per 
1,000 boxes (table 141). The elapsed time would be 2.33 hours. The 
amount of delay would not be great, for only 4 percent of the total labor 


mee elt 


is wait time. While the total man-hours to load are less than when 
using the hand truck alone, this saving in labor will tend to be offset 
by increased cost of eauivment. 


Table 141.-—-Labor that would be required for a 4—-man crew to move 1,000 packed boxes of apples out 
of storage and load refrigerator cars by use of floor chain conveyor and clamp-type 2-wheel 
hand trucks when loads are divided, braced, and stripped 1, 


:Productive: Fatigue : Wait ; Total 
pene: ;Workers. labor :allowance: time -: labor 


Number : Man-hours Man-hours Man-hours Man-hour s 


Set up and clean up 2: 64 0.22 0.0 0.06 0. 28 
Pick up 6-high stacks by use of 2-wheel : 

hand trucks a os 229 203 Ae) 232 
Transport 30 feet to floor chain conveyor : 1 62 206 Ae) 68 
Release stacks on floor chain conveyor ee 224 02 10 256 


Pick up 6-high stacks by use of 2wheel : 
hand trucks re oe pe 2) 02 ae) 225 
Transport 2 feet from floor chain conveyor to : : 
stacking point inside car ak 
Release stacks in car in front of carloader 1.9 
Stack boxes in refrigerator car : 2 : 1.43 229 0 1.72 
Strip every 2nd tier of boxes in railroad car 2 

pe 


00 00 00 ee of ee of ce oo 


Brace doorway A 283 208 Ae) 91 
Total man-hours - 3 5.71 269 222 6.62 
Elapsed time—hours 2555 


ay Labor requirements show were determined through use of elemental data from other 
operations. These requirements do not cover blocking out and manifesting loads. 


Clamp-Type 2-Wheel Hand Trucks and Elevators 


Elevators are seldom used by Washington State apple houses in 
carloading, because most plants that have elevators move the fruit to 
carriers by use of belt conveyors. Elevators usually are in parts of the 
building not used in carloading. However, for comparative purposes an 
elevator-hand-truck method is constructed by use of elemental data. Ina 
possible method for using elevators and hand trucks, it is assumed that 
three workers would be required to transport fruit from storage 60 feet 
to the elevators. These workers would ride the elevators to the off- 
loading floor where they would transport stacks of boxes 50 feet into 
the railroad car and release the stacks. A 2-man stacking and stripping 
crew would complete the carloading. 


As shown in table 142, 9.37 man-hours would be required by this 
method to load 1,000 boxes. Labor requirements would be larger than by 
other methods. The elapsed time of 2.53 hours would be slightly longer 
than by other methods. More wait time would occur than by some methods, 
for 16 percent of the time is lost in waiting. Of the total labor, 

4.87 man-hours (52 percent of the total) are used when transporting fruit 
to the car. 
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Table 142.-—-Labor that would be required for a S-man crew to move 1,000 packed boxes of apples 
from storage and load refrigerator cars by use of an elevator and clamp-type 2-wheel 
hand trucks when loads are divided, braced, and stripped 1/ 


3 :Productive: Fatigue : Wait : Total 
Operation or ore labor ;:allowance: time : labor 


;Number ; Man-hours Man-hours Man-hours Man-hours 


Set up and clean up >: 5 : 0.26 0.0 0.09 0.35 
Pick up 6—high stacks by use of 2-wheel : = 
hand trucks A 33: 229 203 ae) 052 
Transport 60 feet into elevator : 3 : 1.14 ell al 1.46 
Release stacks in elevator : 3 : 229 203 Ae) 52 
Elevator cycle 3 220 Ale) 40 260 
Pick up 6<-high stacks by use of 2-wheel 
hand trucks 3 29 203 Ae) 52 
Transport 50 feet to stacking point inside car : 3 : 297 ~10 Pr 4) 1.30 
Release stacks in front of carloader F 3 5 250 205 Ae) 255 
Stack boxes in refrigerator car : 2 : 1.43 229 26 1.98 
Strip every 2nd tier of boxes stacked in : e 
refrigerator car : 2 290 209 027 1. 26 
Brace doorway 3 2 3 83 208 Ae) 91 
Total man-hours 2: - 3; 7.10 81 1.46 9.357 
Elapsed time—hours 2 : 2.53 


Lf Labor requirements shown do not cover blocking out and manifesting loads. 


Industrial Fork-Lift Truck and Pallets 


Loading Refrigerator Cars 


Industrial fork-lift truck plants use several different methods of 
loading refrigerator cars. By one of these methods the pallet load of 
packed boxes is set in the doorway of the car and boxes are carried to 
the loading position. By use of a second method a short belt conveyor is 
run into the car from the loading platform and pallets are off-loaded to 
the belt conveyor. A third method makes use of the pallet dolly. Pallet 
loads of packed boxes are placed on the dolly in the doorway of the car 
and rolled to the carloading position. While it might seem desirable to 
carry pallet loads into the car by industrial fork-lift truck, this is 
not done because the floor racks in the refrigerator cars will not 
support the weight. 


Industrial truck and pallets alone or with sections of conveyor.--By 
this method the fork-lift truck transports pallet loads of packed boxes 
to the car and releases them either on the floor of the car or ona 
roller conveyor which is arranged so that the pallet load can be pushed 
by the lift truck into the car doorway. Inside the car members of the 
loading crew walking to the center of the car lift each box from the 
pallet and carry it back to the end of the car where it is stacked into 
position. It is necessary for the fork-lift truck to wait on the 


Salers 


carloading crew during the loading 
operation because the rate of car- 
loading governs the speed of the 
fork-lift truck's operation. It is 
assumed that the fork-lift truck 
transports the fruit 110 feet to the 
car door and pushes the pallet load 
as far as possible into the 

doorway (fig. 125). 


This method employs a 7-man 
crew, four workers who stack boxes 
in position in the car, two workers 
who strip each row of boxes, and 
one fork-lift truck operator. When 
pallets and fork-lift trucks are 
used to load cars by the method of 
placing the pallet load in the door- 
way, 6.72 man-hours of labor are 
required to load 1,000 boxes with an 
elapsed time of 1.74 hours (table 143). 
Only 0.76 of a man-hour is required 
to transport fruit. The bulk of the 
labor is used by the men walking to 
and from the center of the car to 
carry boxes to loading position. 


Figure 125.--Moving a packed box froma 
pallet in the middle of a railroad car 
to its loading position. 


Table 143.—-Labor required for a 7-man crew to move 1,000 packed boxes of apples out of storage 
and load refrigerator cars by use of industrial fork-lift truck and pallets when the 
load is divided, braced, and stripped 1/ 


Operation *Workers:Productive: Fatigue : Wait : Total 
Pe : aa ere labor :allowance: time 3; labor 
:Number ; Man-hours Man-hours Man-hours Man~hours 


ee ee Se eee rene 
° 


Set up and clean up < 7 <: = 0,18 0.0 0,31 0.49 
Pick up 40=box pallet load in storage > 2 32/12 0 0 12 
Transport 110 feet to refrigerator car door z; 2 037 203 0 240 
Release pallet load in doorway of car es ell 00 eit! 2 24 
Walk to stacks average distance of 10 feet, : 
handle empty pallets, and stack boxes in car : 4 3: 243 ~61 Ale) 3.04 
Strip every 2nd tier of boxes in refrigerator : 5 
car ces -90 209 253 1.52 
Brace doorway ss 83 208 20 291 
Total man-hours : = : 4.94 81 297 6.72 
Elapsed_time—hours : fg 1.74 


° 


1/ Labor requirements shown do not cover blocking out and manifesting loads. 
2/ Taken from data in tabulation on page 


259298 O - 53 - 17 
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Industrial truck, pallets, and conveyor.--One of the current methods 


of loading cars involves the use of lift trucks in combination with belt 
conveyors and gravity-type roller conveyors. By this method the fork-lift 
truck transports and releases the pallet load on the loading platform 
beside an extension of belt conveyor. One man off-loads the boxes from 
the pallets onto the conveyor which moves the fruit into the car where 

one man lifts the boxes off the conveyor and stacks them into loading 
position. A fourth worker strips the loads. 

One of the advantages of using this method is that the worker placing 
fruit on the belt conveyor from the pallet loads can, when necessary, 
assist in blocking out and placing on the conveyor only the sizes listed 
on the manifest. After the car is loaded unneeded boxes are returned to 
storage. 


Labor requirements by this method of loading refrigerator cars are 
6.00 man-hours per 1,000 boxes (table 144). The elapsed time required 


Table 144.--Labor required for a 4-man crew to move 1,000 packed boxes of apples out of storage 
and load refrigerator cars by use of fork-lift truck, pallets, belt conveyor, and 
gravity roller conveyor when the load is divided, braced, and stripped ake 


: :Productive: Fatigue: Wait; Total 
Operey ice ;Workers. labor :allowance: time : labor 
sNumber : Man-hours Man-hours Man-hours Man-hours 


——_— I 


Set up and clean up > 8 : 0.21 0.0 0.11 0.32 


Pick up 40-box pallet load by use of fork-lift : : 
truck >: 1 :2/ .12 0 0 ole 
Transport 60 feet to belt conveyor 2 gel 028 003 ae) 31 
Release pallets beside belt conveyor re 205 00 Ae) 205 
Place boxes on belt conveyor : 1 : 1.05 Brak oL7 1.43 
Stack boxes in refrigerator car 7 i: 1.19 224 0 1.43 
Strip every other tier of boxes in refrigerator : 
car eae ats ty 90 209 244 1.43 
Brace doorway aes -85 08 Ae) °91 
Total man-hours Sie : 4.63 265 ole 6.00 
Elapsed time--hours : : 2.45 


1/ Labor requirements shown do not cover blocking out and manifesting loads. 
2/ Taken from data in tabulation on page 286. 


is 2.45 hours. Slight wait time occurs because of delays in stripping 
operations. Total wait time amounts to 12 percent of the total man-hours. 
As with all industrial methods of handling, transportation labor require- 
ments are small--only 8 percent of the total labor. 


Industrial fork-lift trucks, pallets, and pallet dollies.--By this 
method the fork-lift truck transports unit pallet loads 110 feet from 
storage and releases the load on a pallet dolly in the doorway of the 
refrigerator car (fig. 126). In releasing the load the operator must 
make a “double release," since the forks of the truck do not extend far 
enough into the doorway of the car to set the load directly on a pallet 
dolly. Therefore, the fork-lift truck operator releases the load and 
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Figure 127.--Stacking boxes of apples from 
Figure 126.--Pallet dolly used to trans- pallet. 
port loaded pallet inside car. 


reverses the truck so that the unit load is left on the outer end of the 
forks, then moves forward and releases the load on the pallet dolly. Two 
workers inside the car push the loaded pallet dolly to the end of the car 
in which boxes are being stacked (fig. 127). These workers stack the 
boxes and strip the load. 


The use of the pallet dolly eliminates the necessity for lifting 
boxes one at a time to place on a belt conveyor, since the unit load is 
held intact until it reaches the working face inside the car. This method 
reduces the number of handlings of boxes and helps maintain the quality of 
the fruit. 


By use of the fork-lift truck and pallet dolly, 6.29 man-hours are 
required for loading 1,000 boxes, in an elapsed time of 2.65 hours 
(table 145). Delays occur in this operation and 19 percent of the labor 
is lost in waiting. Most of the wait time occurs because the fork-lift 
truck and operator must be present during the entire carloading, which 
increases both labor and equipment costs. 


Comparison of fork-lift truck pallet methods.--Of the three methods 
which employ industrial fork-lift trucks and pallets, the method in which 
they are used in combination with belt conveyors and gravity roller con- 
veyors shows the lowest labor cost, $6.97 per 1,000 packed boxes, and 
lowest total cost, $9.80 (table 146). The highest cost method involves 
the use of fork-lift truck and pallets alone. 


ehh 


Table 145.--Man-hours required for a 3-man crew to move boxes of apples from storage and load a 
refrigerator car by use of pallets, fork-lift trucks, and pallet dolly when the load 
is braced and stripped 1/ 


; :Productive: Fatigue : Wait Total 
Gperetsce diadase labor sallowance; time 


Number :Man-hours Man-hours Man=-hours Man-hours 


Set up and clean up : Oh re 0.27 0.0 0.12 0.39 
Pick up 40-box load by use of fork-lift truck- : 1 : 2/ 12 re) 20 «12 
Transport 110 feet to railroad car doorway = Lo: oo7 -03 00 240 
Release unit load on dolly in refrigerator car ; al: : oko =8) 99 1.14 
Push loaded dolly to stacking point and remove : : 
empty pallets from car : Chee: Past) 207 Ae) 40 
Stack boxes in refrigerator car : 2 1.57 ook 206 1.94 
Strip every 2nd tier of boxes in refrigerator : : 
car : ce -90 209 -0 099 
Brace doorway ee Goes 83 208 Ae) 91 
Total man-hours hi es 4.54 258 1.17 6.29 
Elapsed time--hours : : 2.65 


1/ Labor requirements shown do not cover blocking out and manifesting loads. 
@/ Taken from data in tabulation on page 286. 


Table 146.--Comparative labor and equipment costs to move 1,000 packed boxes of apples out of storage and load 
refrigerator cars by use of 3 methods which employ fork-lift trucks, pallets, belt conveyor, 
gravity roller conveyor and pallet dollies 1/ 


A ; : Labor and equipment required : Labor and equipment costs 
Method :Workers:"1apsed, : : : : Total costs 
: ; time - Equipment . Wait | Total :Equipment: Labor :¢urrentrassamed 
; time , time , labor , Bh NEES Gn 


er ; Hours :Machine-hours:Man-hours Man-hours: Dollars “io llars Dollars Dollars 


Fork-lift truck and pallets : 7 ; 1.74 : 3/1.39 : 0.97 6.72 : 3.00 7.85 10.85 12.53 
Fork-lift truck, pallets, belt : : : : 
conveyor, and gravity roller 


conveyor : 4 : 2.45 : 4/ 3.82 : are 6.00 : 2.83 6.97 9.80 11.31 
Fork-lift truck, pallets, and : = 5 : : 
pallet dollies >: 3 +: 265 : S/ 3.99 : 1.17 6.29 +: 3.04 7.51 10.55. 12.12 


1/ Labor and equipment costs do not cover blocking out and manifesting loads. 
&/ Computed from "current" wage rates. 


3/ 4,000-pound capacity electric industrial fork-lift truck 0.76 machine-hours, 20.8 pallets (40- by 48-inch) 
0.63 Rachine-hours, total 1.39 machine-hours. 


4/ 4, 000-pound capacity electric industrial fork-lift truck 0.48 machine-hours, 20.8 pallets (40- by 46—inch) 
0.48 @achine-hour s, 60-foot belt conveyor 1.43 machine-hours, 15-foot roller conveyor 1.43 machine-hours, total 
3.82 machine-hours,. 


5/ 4,000-pound capacity electric industrial fork-lift truck 0.67 machine-hours, 20.8 pallets (40- by 48-inch) 
0.67 machine-hours, pallet dolly 2.65 machine-hours, total 3.99 machine-hours. 


Loading Refrigerated Highway Trucks 


The newer plants using fork-lift trucks usually load highway trucks 
on the receiving apron (fig. 128). The fork-lift truck transports pallet 
loads of fruit from storage, about 100 feet, and releases the unit load 
down inside the tailgate of the truck. The usual practice is to release 
the unit load on a pallet dolly (fig. 129). Two workers push this dolly 


to the front of the truck and proceed to stack the boxes into loading 
position. 
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Figure 128.--Pallet load being hoisted into highway truck parked on 


receiving apron. 


When industrial trucks are used 
with pallet dollies to load highway 
trucks, 4.11 man-hours of labor per 
1,000 boxes are required--the small- 
est labor requirement for loading 
either highway trucks or refrigerator 
cars by any method. Even though the 
labor requirements are relatively 
low, part of this labor is lost in 
wait time of the lift-truck operator 
because the workers stacking boxes 
in the car cannot keep pace with the 
fork-lift truck bringing unit loads 
to the highway truck. 


If this wait time could be 
eliminated, it would reduce both 
machine costs and labor costs. 
Kighteen percent of the time was 
lost in waiting. The fork-lift 
truck time was low, only 1.24 man- 
hours per 1,000 boxes, but percent- 
agewise this is 30 percent of the 
total. An important advantage of 
the fork-lift truck in loading 
highway trucks is that it takes 


Figure 129.--Pallet load being lowered 


only 1.37 hours to load 1,000 boxes onto pallet dolly in highway truck. 
(table 147). 
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Table 147.--Labor required for a 3-man crew to move 1,000 packed boxes of apples from storage and 
solid load highway trucks by use of fork-lift truck, pallets and pallet dollies 1/ 


2 :Productives Fatigue : Wait : Total 
Operation Markers. iguvor! caiicganse: tine. nym asce 
:Number ; Man-hours Man-hours Man-hours Man-hours 
Set up and clean up fe S22 1s 0.27 0.0 0.12 0.39 
Pick up 40-box unit load in cold storage by : 
use of fork-lift truck 1 
Transport 110 feet to tailgate of highway truck: 1 
Release unit load on pallet dolly in highway : 
truck TepeLoe es 015 0 057 072 
Push dolly to stacking point and remove empty : 
pallets from truck 2 
2 


eo oe se 


Stack boxes in highway truck : 1.61 2de 20 1.93 
Total man-hours oe ee £43 £75 tan 
Elapsed time—hours : : 1.87 


1/ Labor requirements shown do not cover blocking out and manifesting loads. 
2/ Taken from data in tabulation on page 286. 


Industrial Fork-Lift Truck, Pallets, Low-Lift 


Pallet Transporter, Belt Conveyor and 
Gravity-Type Roller Conveyor 


The equipment combination consisting of fork-lift truck, low-lift 
pallet transporter, belt conveyor, and gravity-type roller conveyor was 
not used to load refrigerator cars at the time field studies were con- 
ducted. A possible method is described below. The labor requirement by 
this method has been pieced together from pertinent details of other 
methods. 


A low-lift pallet transporter would be used only if the fork-lift 
truck could not move the pallet loads to the belt conveyor. Such a 
situation might occur when a pallet addition has been built onto an older 
warehouse. The floors inside the older part of the warehouse may not 
support the heavy fork-lift truck. If this were the case and the belt 
conveyor used for loading out was in the original building, the low-lift 
transporter could be used to move pallet loads from a point at the edge 
of the storage room to the belt conveyor. 


This combination of equipment is assumed to operate by the fork-lift 
truck breaking out pallet loads from the stacks and moving them approxi- 
mately 40 feet to a point where the low-lift truck transporter picks up 
unit loads and transports them 40 additional feet to release on a belt 
conveyor. The operators of the pallet transporter and the fork-lift 
truck must closely coordinate their transportation cycles. After pallet 
loads have been released at the belt conveyor, one worker places boxes 
on the conveyor to be moved into the car. In the car, one worker stacks 
the boxes into position and another worker strips the load. 
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This combination of equipment and method would require 6.96 man-hours 
to load 1,000 boxes in 2.45 hours of elapsed time (table 148). Sixteen 
percent of this labor is for wait time, 39 percent (2.71 man-hours) for 
transporting the fruit from storage to the car. 


Table 148,--Labor that would be required for a 5-man crew to move 1,000 packed boxes of apples out 
of storage and load refrigerator cars by use of fork-lift truck, low-lift pallet transporter, 
gravity-type roller conveyor, and belt conveyor when loads are divided, braced, and stripped af 


:Productive: Fatigue ; Wa otal 


ae prenkers: labor :allowance: time : labor 
sNumber : Man-hours Man-hours Man-hours Man-hours 


Set up and clean up a 9. 0.2L 0.0 0.27 0.48 
Pick up 40-box unit load by use of fork-lift A 7 
truck : 1 : a/ wke 20 Ae) 12 
Transport 40 feet to doorway of storage room : 1 : 2 24 02 Ae) 2 26 
Release on floor of storage room 2) as Es 004 Ae) 022 0 26 
Pick up 40-box unit load by use of low-lift : 
pallet or a transporter te pale 013 Ae) 00 13 
Transport 40 feet to belt conveyor : gt : 2 OL 206 0 ot 
Release unit load beside belt conveyor : a 3 14 00 cle) 014 
Place boxes on belt conveyor si ol es 1,05 eal oy 1.43 
Stack boxes in refrigerator car hy a: 1.19 224 20 1.43 
Strip every 2nd tier in refrigerator car |. pT os vs 290 09 244 1.43 
Brace doorway ee ASE 083 208 Ae) 91 
Total man-hours eae ee 5.16 «70 Lel0 6.96 
Elapsed time--hours 2 : 2.45 


i/ Labor requirements shown do not cover blocking out and manifesting loads. 
2/ Taken from data in tabulation on page 286, 


Industrial Clamp-Type Lift Truck, Belt Conveyor, 
and Gravity-Type Roller Conveyor 


Industrial clamp-type lift trucks were not used in Washington State 
apple houses for loading refrigerator cars until tests were conducted as 
part of the research program. One of the reasons this equipment had not 
been used for loading out was that the clamping arms of the lift truck 
marred the labels on the boxes. This difficulty was avoided by turning 
the labeled ends of two of the bottom boxes so that they faced inward 
away from the clamping arms. : 


To permit the efficient use of industrial-clamp trucks for loading- 
out operations, packed boxes of fruit must be suitably arranged in storage 
stacks and suitably segregated when returned to storage from the packing 
line. First, if boxes are hand trucked from the segregation area to 
storage, space must be left after every second row of stacks in storage to 
permit the insertion of the clamp truck arms. Second, packed boxes must 
be specially segregated as they are stored, placing in adjacent rows the 
varieties, grades, and sizes that are usually marketed together. 


OU 


When the industrial clamp truck is used it is assumed that the truck 
moves the fruit 50 feet to the belt conveyor where it is released. When 
sufficient fruit has been moved up to keep the carloading crew occupied, 
the industrial truck moves on to other operations. One worker places 
boxes of apples on the belt conveyor which moves them into the car. One 
worker inside the car stacks the boxes in loading position, while another 
worker strips the load. 


As shown in table lh9, this method of using industrial clamp trucks, 
belt conveyors, and roller conveyors to load 1,000 boxes requires 6.44 
man-hours of labor. An elapsed time of 2.45 hours is required per 1,000 
boxes. Some time is lost by the worker who strips the load, bringing the 
total wait time to 12 percent of the total labor. Thirty-five percent of 
the total labor, or 2.27 man-hours, is used in moving fruit to the car. 


Table 149.—-Labor required for a 4-man crew to move 1,000 packed boxes of apples out of storage 
and load refrigerator cars by use of industrial clamp-type lift truck, belt conveyor, 
and gravity roller conveyor when loads are divided, braced, and stripped 1/ 


e : :Productive: Fatigue : Wait : Total 
CPEES vege ;Workers labor :allowance: time : labor 


:Number : Man-hours Man-hours Man-hours Man-hours 


Set up and clean up 3 4 : 0.21 0.0 0.19 0.40 
Pick up 20-box load by use of clamp—type : : 
lift truck 2 2 226 20 me) 26 
Transport 50 feet to belt conveyor al 246 04 20 -50 
Release unit load beside belt conveyor recast 08 20 Ale) 208 
Place boxes on belt conveyor : 1 : 41.05 221 ok? 1.43 
Stack boxes in refrigerator car Le eee Lead ° 24 -O 1.43 
Strip every end tier of boxes stacked =) ol -90 209 244 1.43 
Brace doorway els 83 08 20 91 
Total man-hours 7 - 7 4.98 66 - 80 6.44 
Elapsed time--hours 3 : 2.45 


1/ Labor requirements shown do not cover blocking out and manifesting loads. 


Comparison of Methods and Types of Equipment for 
Loading Out Refrigerator Cars 


Table 150 shows the comparative labor and equipment costs for loading 
out 1,000 packed boxes of apples by use of various methods and types of 
equipment previously described. The data apply to the loading of refrig- 
erator cars when loads are divided, braced, and stripped. Cost for a 
carload of 800 boxes would be approximately 80 percent of the cost per 
1,000 boxes. Of the three major types and combinations of types of 
equipment used for loading out refrigerator cars, when loads are divided, 
braced, and stripped, the costs are lowest by use of 2-wheel hand trucks. 
However, the use of hand trucks alone is limited to one-story plants. 
Moreover, plants that use industrial trucks for other operations would 
hardly consider loading out by use of hand trucks since they must obtain 


2h9 


Table 150.--Comperative labor and equipment costs by use of epacified methods end typee of equipment for moving 1,000 packed boxer of anples 
from storage end loading refrigeretor cere when loade are divided, braced, end strivped 1/ 


Labor end equipment required Labor and equipment costs 


Elansed : : : : A Total costs 
Type of equirment and method time : DQuinment ; Wait , Total ,Equinment ; Labor ;"Gorrent : Assumed 
i time tire labor 2/ : : weres : wages 


Hours :Machine-hours ;Man-hours Man-houre: Dollars Dollars Dotlars Dollers 
: : 3 : 

Clemp-type 2-wheel hand trucks: 3 workers hand- 4 : 

truck 110 feet to refrigerator car, 2 workers stack : 3 H 
boxes, 1 worker strips loed and breces doorway : 2.01 ; 3.08 0.68 7.50 A 0.07 8,62 8.70 10.58 
When blocking out and menifesting cre added : 2.01 : 5/ 4.87 : Aah W153 3 -11 13.26 13.37 16.25 


Belt conveyor, gravity-type roll=r conveyor and f 3 : 
hend trucks: 2 workers hand-truck sq feet to belt ; : . 


conveyor, 1 worker places on belt conveyor, 1 
worker stecks off belt conveyor, 1 worker strips 
load and braces doorway 

When blockine out and manifesting are added : 


11.75 


4.65: £96 747 0: 1.29 8.59 9. 
if 17.42 


uae; 
uu 35/ 6.44 : 1.09 11.50 : 1.33 13.22 1. 


wo 
moa 


Floor chain conveyor and hand trucks: 1 vorker H - : 
hand-trucre 30 feet, 1 worker hend-trucks 20 feet ; o ‘ 


from floor chain conveyor, 2 workere stack and 
Btrip load, 1 worker braces.load 
When blocking out and manifesting cre added 


65 7.61 10.26 11.92 
69 12.24 14.92 17.59 
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3 

Elevator and hand trucke: 7/ 3 workers hend-truck ; 
0 feet to elevator, ride elevator, hand-truck 50 3: 3 


feet to refrigerator car. 2 workers stack and 
strip boxes, 1 worker braces load 
When blocking out end manifesting are edded 


; 16.10 18.44 
8.28 : 1.59 V3 5.36 15.42 20.77 24.1? 
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Fork-lift truck and pallets alone: 1 worker and 
fork-lift truck transports HO-box load 110 feet to 
refrigerator car, 4 workers stack boxes, 2 workers ; 
strip boxes, 1 worker breces load 3 1.74 

When blocking out and manifesting are added 


3.00 7.85 10.85 12.53 


-97 6.72 
5.17 9.60 14.77 16.80 


97 8.12 


erevity-tyne roller conveyors 1 worker and fork- 

lift truck transports 40-box load 50 feet to belt 

conveyor, 1 worker places on belt conveyor, 1 

worker atacks off conveyor, 1 worker stripe and 

braces load > 2.45 
When blocking ovt end manifesting are added > 2.45 


Fork-lift truck, pallets, belt conveyor, and Hy 
H 


83 6.07 9.80 11.31 


3.82 : 72 6.00 2 
5.00 8.72 13.72 15.57 


gf 77: 72 7-40 


Fork-lift truck, pallets, and pallet dollies; 1 : : 
worker and fork-lift truck transparts 110 fset to : 4 


refrigerator car, 2 workers push dolly, stack and H H 
strip boxes, 1 worker braces load : 2.65 : 3.99 
When blocking out and manifesting -re edded > 2.65 3: 9/ 4.ob 


3. 51 10.55 12.12 
5.21 9.26 14.47 16.39 


Fork-lift truck, low-lift pallet transporter, : 
pallete, belt conveyor, snd grevity-type roller 3 
conveyors lwrrker and fork-lift truck transports : 
4O feet, 1 worker and low-lift pallet transporter ; 
transports 40 feet. 1 worker places on conveyar, : 
1 worker stacks off conveyor, 1 worker strips and : 
braces load 3 

When blocking out and manifesting are added 3 
H 


4.98 8.10 13.08 14.82 


136 7.35 9.35 17.00 19.09 


nm 
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Industrial clamp-tyne lift truck, belt conveyor and 


gravity-type roll-r conveyor: 1 worker «nq clamp 
truck transporte 50 feet, 1 worker places on 


conveyor, 1 worker stacks off conveyor, 1 worker 
strips and braces load 
When blocking sut and manifesting are added 


oe ee oe oe we oe oe 


2.45 : 11/ 3.70 : -80 6.44 3 1.96 7.53 9.49 11.10 
2.45 : 5/ 5.49 : 80 8.68: 4.50 10.37 14.87 17.04 
1/ Tronsportetion distances involved in blocking ont loade are standardized ot 100 feet when induetrial trucke ere used and et 50 fet 
when clamp-tyne 2-wheel hand trucks are used. In the loading-out operations thet follow blocking out, trenepotation dietances ara stenderdized 
at 110 feet, meking a total of 210 feet by use of industrial truck methode and a total of 160 feet by use of hand truck methods, 
2/ Equipment costr computed from date on ownerehin and operating ceate shown jn table 2. 
"Current" l-bor coste computed from wage retee of $1.15 vor hour for unekilled labor end $1.30 per hour for semiskilled workers 
(xey erceng euch eae industrial truck operators). 
Assumed labor coste computed from wage rotee of $1.40 per hour for unskilled lebor end $1.55 per hour for eemlakilled work-rs. 
Increase is accounted for by additionel hand truck time of 1.79 machine-hours. 
Clamp-type 2-wheel hend truck 2.72 machine-hours, 100 foot velt conveyor 1.36 machine~houre, tots1 4.08 machine-hours. 
Vertical treneportation distance is not included. 
Clemp-type 2-wheel hand truck 4.87 mechine-hours, %,900-pound capscity elevator 1.6? mechine-hours, total 6.9 mechine-hours. 
Increase is accounted for by additional fork-lift truck time of 0.95 machine-hours. 
10/ 4,000-nound cepacity electric fork-lift truck 0.64 machine-hours, );,00-pound capacity electric low-lift pallet transporter 
0.64 machine-hours, 20.8 pellets (48-box) 1,06 machine-hours, 20 foot pelt conveyor 1.43 machine-hours, 15 foot roller conveyor 1.43 machine- 
hours, total 5.20 machine-hours. 
11/ 1,000-pound capacity electric cle -typa lift truck 0.84 machine-hourt. 60 foot belt conveyor 1.43 machine-hours, 15 foot gravity 
roller conveyor 1.43 machine-houre, total 3.70 machine-hours. 


wl 
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the maximum amount of use from their equipment. There are advantages in 
using industrial trucks for carloading that cannot be evaluated in 

monetary terms. For instance, more gentle handling tends to retain fruit 
quality. Smaller crew sizes are another important non-monetary advantage 
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to lift truck handling. When fork-lift trucks and pallets are used with 
either pallet dollies or roller conveyors, a crew of only three men is 
needed for operations following blocking out. 


The pallet and fork-lift truck method of loading by depositing pallet 
loads in the car doorway, and having workers carry the boxes to loading 
position, requires the lowest elapsed time to load a car. It also requires 
the largest crew size. In contrast, the fork-lift truck using a pallet 
dolly required the longest elapsed time but a crew of only three men. 


In miltistory plants where fruit is moved from one floor level to 
another, the conveyor-hand-truck method is most efficient, and the 
elevator-hand-truck method least efficient. 


Since blocking out and manifesting loads are a part of the cycle of 
loading out operations, labor and equipment costs in table 150 are shown 
separately for those operations that follow blocking out, and when block- 
ing out and manifesting are included. The costs are shown separately 
because the amount of labor required to block out and manifest loads is 
not directly associated with the particular method used for subsequent 
operations. s 

Use of fork-lift trucks requires 0.95 man-hour per 1,000 boxes for 
blocking-out operations, and industrial-clamp trucks, 1.79 man-hours. 

Use of 2-wheel hand trucks requires 3.58 man-hours. Transportation 
distances of 100 feet by the industrial trucks and 50 feet by hand trucks 
represent industry practices. To the labor required for blocking out, 
O.45 man-hour has been added to cover the average labor for manifesting. 


Comparison of Methods and Types of Equipment 
for Loading Out Highway Trucks 


Comparative labor and equipment costs by use of the three major 
combinations of equipment used to load highway trucks are shown in ta- 
ble 151. The 2-wheel hand truck method is the lowest cost method. The 
method using the fork-lift truck and pallet dolly has the lowest labor. 
Equipment and labor costs were almost equal in this case. It should be 
noticed that the elapsed time as well as the cost to load a highway truck 
was less than to load the same number of boxes into refrigerator cars. 


In the conventional-type plant, when storage on the main floor is 
not too distant from the loading platform, the hand truck method is the 
most efficient for loading highway trucks. If fruit is to be moved from 
floors other than the main floor the belt-conveyor method is the most 
desirable in the conventional-type plant, especially if the conveyor 
brings the fruit directly onto the highway truck. Newer-type plants 
using industrial equipment would find the use of pallet dollies efficient 
in their loading operations. 
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Table 151.--Comparative labor and equinnent costs by use of epecified methods ond tyes of equipment for moving 1,000 vscked boxes of apples out 
of storage and solid loading highway truck 1/ 


Lsbor ond equipment required + Lebor and enuinment corte 


eee ; piepsed : : : 3 : Total coetr 
; time ; Equipment ; Wade ; Total | AIEEE pe eoa Current : Assumed 
‘ : time ; time ; jlebdor , 2/ : 3 wages i wages 4 


: Hours : Mechine-hours Man-hours MNan-hours : Dollars Dollars Dollsre Dollars 
Clamp-type 2-wheel hand truck 3 : Hi 
Three workers hend-truck 130 feet to stacking : 3 : 
point, 2 workers stack boxes : 1.16 ; 3.27 0.55 5.80: 0.08 6.67 6.75 €.20 
When blocking out and manifesting ere added 292,16 5 §/ 5.06 68 9.83: 12 11.30 11.42 13.82 
Belt conveyor and hand truck 3 : : 
Two workers hend-truck 60 feet to conveyor, 1 : : i 
worker places on, 1 worker pushes boxes, 2 4 3 A 
workers etack inside truck ee eerie 44g 1.66 TarOr a: 1.21 £.86 10.07 11.99 
When blocking out and manifesting ure added ¢ lsh 6: 5/ (6.27 1.69 122735) 1.25 13.49 14.74 17.67 
Fork-lift truck end pallet dolly : : H 
H Hy Hy 
One fork-lift truck transporte 110 feet, 2 3 5 a 
workers push dolly and etrck boxes in truck $ 1.37 1 6f 3.28 75 Weal,” 4s 4.25 4.93 9.18 10.21 
When dlocking out and manifesting are added $ 1.37 2: Z2/ 4.23 “75 sie? a 6.42 6.68 13.10 14.48 


V Transportation distances involved in blocking out Pace are stenderdized at 190 feet when PE eT trucks are used and et 50 feet when 


clemp-type 2-wheel hand trucks sre used. In the londing out operations thet follow blocking out, trenenortetinn distences are etandardized at 
130 feet, 20 feet of which is inside the cerrier. The total traneportstim dietence when industriel trucke ere used is 230 feet. shen hand tricks 
are used the tutal distance is 180 feet. 

2/ Equipment costs computed from data on ownership and opereting costs shown in table 2. 

"Current" labor costs commted from wage retes of $1.15 ner hour for unalrilled lebor and $1.30 ner hour for gemiakilled workers (key 

workers such as industrial truck operatore). 

4/ Assumed ledor costs computed from wage rates of $1.40 ner hour for unskilled labor and $1.85 per hour for acmiskilled workers. 

Py Increese is due to additionel hand truck tine of 1.79 mechine-hours. 

6/ 4,000-pound capacity electric fork-lift truck 1.24 mechine-hours, pellet dolly 1.37 machine-hours, 20.8 pellets (48- box) 0.67 mechine= 
hours, totel 3.28 mechine-hours. 

U Increase is dus to additionel fork-lift truck time of 0.95 mechine-houra. 
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METHODS AND EQUIPMENT FOR MOVING APPLES DIRECTLY FROM 
THE PACKING LINE AND LOADING REFRIGERATOR CARS 


Loading apples directly from the packing line is not a common practice 
in Washington State, largely because the rate at which packed boxes of 
fruit move off the packing line is too slow a pace for extensive carloading 
operations. A single packing line turns out approximately 210 boxes per 
hour so that from four to eight hours are required to load a railroad car, 
the exact time depending on the number of sizes and grades listed on the 
manifest. 


The more usual practice of loading out fruit from the line is first to 
move the packed boxes through the segregation area to select the sizes to 
be loaded out. These sizes are then hand trucked to a temporary block as 
part of a blocked-out load. When this procedure is followed, loading 
operations are performed by use of the methods described in the previous 
section. Although this practice may be referred to as loading directly 
from the packing line, it makes use of a temporary storage block so that 
all of the work elements are identical to the various loading methods 
described in moving fruit from storage and loading out except that high- 
piled boxes are not broken out. 


The extent to which boxes of apples are loaded directly from the 
packing line into refrigerator cars depends somewhat on market conditions 
and, occasionally, on the market connections of shippers. In a sellers' 
market, buyers are more likely to accept the normal run of sizes which 
permits more of the fruit from the packing line to be loaded directly 
into a car. Some firms have market outlets which accept a larger range 
of sizes than others. Such firms load out a larger number of cars of the 
fruit directly from the packing line. 


Usually more cars of apples are loaded directly from the packing line 
early in the season because at that time shippers endeavor to place as 
meny carloads of apples as possible on the early market. This period may 
iast from two to three weeks before heavy receiving gets under way. 


When boxes of apples are loaded directly from the packing line they 
Follow the regular path to the segregation area where boxes of sizes and 
grades that are not on the manifest are removed and placed in segregated 
stacks to go to storage. The remaining boxes are moved to the carrier. 
The range of sizes and grades to be loaded directly affects the number 
of boxes arriving at the refrigerator car per hour, and the elapsed time 
required to load a car is relatively short or long depending on these 
factors. However, there is considerable delay time on the part of the 
carloader in any case. 


The work elements involved in loading a refrigerator car or highway 
truck are about the same as for methods previously discussed except for 
work inside the car. Methods for loading refrigerator cars directly 
from the packing line can be adapted to loading highway trucks by 
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referring to previous analysis. However, highway trucks are not loaded 
from the packing line as frequently as refrigerator cars, because highway 
trucks cannot be detained any great length of time since they are usually 
being used to capacity in the season of the year when most loading is 
done directly from the packing line. A one-half day tie-up of a highway 
truck may mean 200 or 300 miles of travel, thus reducing the number of 
loads and the return on the carrier investment. 


Belt conveyors and gravity-type roller conveyors, which are joined to 
provide a conveyor line from the segregating area to the working face in 
the car, are used almost exclusively for loading boxes directly from the 
packing line. Figures 130 and 131 show how conveyor lines are set up for 
loading refrigerator cars. 


y 


Figure 130.--Boxes on a roller conveyor going into a refrigerator car directly from the 
end of line. 


When boxes are loaded directly 
from the line only one worker is 
used to carry out all phases of 
carloading, placing the boxes, lath- 
ing end doing the bracing. Boxes 
already are on conveyor lines in 
the segregating area so that no 
loader is required. In analyzing 
this method the plant is assumed to 
have one packing line with an output 
of 210 boxes per hour. It also is 
assumed that all of the voxes 


packed, regardless of size and grade, Figure 131.--Boxes of apples moving from 
are loaded into one car. Under these 


the end of a packing line into a 
refrigerator car. 
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assumptions the minimum amount of labor would be required for loading a 
railroad car directly from the washing and packing line. 


Under the conditions assumed, this method requires 5.88 man-hours to 
load 1,000 boxes in an elapsed time of 5.88 hours (table 152). Waiting 
accounted for 40 percent of the time. The delays occurred because boxes 
were not arriving in the car fast enough to keep the one worker occupied. 


Table 152,.--Labor required for 1 worker to move 1,000 packed boxes of apples from the packing 
line and load refrigerator cars by use of belt conveyor and gravity-type roller 
conveyor when loads are divided, braced, and stripped 


3 : Productive : Fatigue : Wait : Total 
ceeds ; Workers , labor ; allowance : time : labor 
: Number : Man-hours Man-hours Man-hours Man-hours 


Set up and clean up al! 0.21 0.0 0.0 0.21 
Stack boxes in the railroad car li: : 1.19 224 2.34 Sell 
Strip every other tier in the car al! : 290 209 20 -99 
Brace doorway of the car : a: 3 83 08 2O 291 
Total man-hours fn: 1S Meas S15 41 2.34 5.88 
Elapsed time--hours : : 5.88 


The cost of moving apples directly from the packing line and loading 
out by use of this method is $10.90 per 1,000 boxes at current wage 
rates (table 153), over one-third of this being machine cost for use of 
@ belt conveyor and roller conveyors. 


Table 153.--Labor and equipment costs for 1 worker to move 1,000 packed boxes of apples from the SS line and 
load refrigerator cars by use of belt conveyor and gravity-type roller 
conveyors when loads are divided, braced, and stripped 1/ 


Labor and equipment required : Labor and equipment costs 
Method : é D Total costs 
Equipment , Wait , Total ccquinhent, Labor cairant: Assumed 
time ; time |; labor eel wages : wages 


"Wachine-hours :Wan-hours Man-hours: Dollars Dollars Dollars Dollars 


Loading from the end of the line with belt 
conveyor and sectional rollers, 1 worker ; : : 
loading inside the railroad car F 3/ 9.52 3: 2.54 5.88 : 4.14 6.76 10.90 12,37 


1/ Costs shown do not cover blocking out and manifesting loads. 
2/ Computed from "current" wage rates. 
3/ 100-foot belt conveyor and 15-foot gravity roller conveyor 4,76 machine-hours each, total 9.52 machine- 


hours. 
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COMPARISON OF COMBINATIONS OF TYPES OF MATERIALS -HANDLING 
EQUIPMENT USED FOR MOVING APPLES INTO, WITHIN, AND 
OUT OF STORAGE HOUSES 


Tables 154 and 155 show respectively for common and improved methods 
the comparative labor and equipment requirements, and the labor and equip- 
ment costs, for moving 1,000 boxes of apples into, within, and out of 
storage houses by use of the six principal combinations of materials- 
handling equipment used in Washington State houses when both packed and 
unpacked boxes of fruit are stored. The storage of fruit, both before and 
after it is packed, necessitates four cycles of operations, two of them 
within the plant, both of them paced by the rate of the packing line. 
However, no such limitations apply to the cycles of operations involved in 
moving fruit into and out of the plant. 


Although labor and equipment costs have been computed for 1,000 boxes 
of apples, two of the cycles of operations cover the handling of unpacked 
boxes and two of these cycles cover packed boxes. In computing costs on 
a plant-wide basis consideration should be given to the fact that for each 
1,000 boxes of unpacked fruit handled, there would be only 700 boxes of 
packed fruit to handle, which could materially alter the cost relationships 
shown. 


When pallet loads of fruit are built on road trucks in the orchard, 
labor and equipment costs for handling 1,000 boxes of apples, at the plant, 
by industrial fork-lift trucks and pallets are $31.99 for the common 
methods and $31.89 for the improved. Even if the plant operator pays the 
increase in orchard-handling costs of $1.98 per 1,000 boxes for building 
pallet loads in the orchard, handling costs at the plant by use of fork- 
lift trucks and pallets still would be less than handling by use of 24-box 
capacity industrial clamp-type lift trucks, which is the next best 
combination of equipment. 


Both types of powered lift trucks are relatively efficient for performing 
receiving operations and for moving fruit from storage to the packing line, 
provided loads have been properly built before arrival and provided further 
that in supplying the packing line some type of accumulator device is used. 
However, neither type is as efficient in loading-out operations as are 
clamp-type 2-wheel hand trucks, which permit the handling of 6-box unit 
loads into the car and throughout the loading operation. As previously 
pointed out, industrial trucks cannot enter a refrigerator car for loading 
principally because the car floor will not support it. Pallet or unit 
loads, therefore, must be deposited in the car door and either broken 
down box by box at that point for stowing, or pushed on pallet dollies to 
the loading face and broken down for properly stowing boxes. 


Use of the types of equipment applicable to handling operations in 
multistory buildings result in the highest labor and equipment costs. 
These are: (1) Elevators and hand trucks with costs of $92.81 per 
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Table 154.--Comparative labor end equipmeny coste for hanéling 1,000 boxes of anvlee through four specified cycles of op-retions involved by common methods, 
when moving fruit into, within, and out of storage houses by ues of specified types and combinations of tynes of equipment 1 


Clerp-type 2-wheel hand trucks and floor chein conveyors 


a 3 Labor end : Labor and equipment coste 
t 3 pouilpnent required : 
of ecu Are Sworrare! : A : 3 _Totel costa 
Type of ecuipment end cycles of operations if rr * Sistonent’ ¢» olatoe pEnadpment,) Labor t= queso eee 
: : : : 2/ : More weges 3 wegen Wf 
+Number :Machine-houre:man-houre: Dollers Dollars Dollers Dollers 
Clamp-type 2-wheel hand trucks 3 : : 
Unloading unpacked boxes from road trucke «nd moving into storege ‘i : : 
(12-dox high stacke) Shenae, 3.14 1e33 08 0.07 6.43 8.50 10.33 
Moving unpacked boxes from stornge to the packing line (broken oat of H : : 
12-dox high stacks) A ee Hee 9.70 9.99 : 22h 11.40 373 14.23 
Moving packed boxes from packing line to storage (manual high-piling in : 3 : 
10-boxz high etecks) 5/ <3. 8 19.04 19.04 3: 53 21.90 22.43 27.19 
Moving packed boxes from rtorage and loading refrigerator cars (includes H : : 
Dlocking out end manifesting) : i 
Totele a 3 : 
4 3 : 
Clamp-type 2-wheel hand trucks and belt conveyore : : 3 
Unloading unvacked boxes from roed trucks end moving into storage : H : 
(12-box high stacks) 7/ : 10 ; 4.04 10.10 3 -92 11.62 12.54 15.06 
Moving unpacked boxes from atorage to the packing lina (broken out of t ; 3 
12-box high stecks) > 3 10.60 27 5 4.0% &.36 12.40 14,21 
Moving pecked boxes from packing line to etorage (manual high-piling in : H : 
JM-box high rtacks) 5/ Fd, = Seer 19.04 14.28 : 4.37 16.42 20.79 24.36 
Moving packed boxes from storage and loading refrigerator ccre (includes : 3 H 
blocking out «nd manifeeting) 26/6 : : “3: 13.22 14.55 17-42 
Totale 22! iz 13.45 10. 9.67 0.8 71.05 


Unloading nnpacked boxes from road trucks and moving into storage 


(12-box high stacke) i US os 4.40 7.00 1.10 2.95 9.15 10.90 
Moving unpacked boxes from storage to the packing line (broken out of 3 : : 
12-box high stacke) Sy “32,48 9.64 6.66 : 2.09 7.66 9.75 11.41 
Moving packed boxes from packing line to storege (manval high-piling in ; : : 
10-box high stacks) 5/ 8/ 22 Sin aE 19.94 14.28 8 4.37 16.42 20.79 24.36 
Moving packed boxes from storage and loading refrigerator cars (includes : : a 
blocking out and manifesting) : : 
Totels : : 38.95 55 2 10.25 “31 5 
Clemp-typ9 2-wheel hend trackn and elevator 9/ : t 4 
Unlosding unpacked boxer from road trucke and moving into storage : : : 
(12-box high stacks) 10/ ee: Geers 10.43 11.92 : 5.00 13.71 18.71 21.69 
Moving unnacked boxes from storage to the packing line (broken out of : : : 
12-box high stacks) Cs 11.10 10.93 : 8.51 12.57 21.08 23.81 
Moving packed boxee from packing line to storage (manual high-niling in ¢ : : 
10-box high stacks) 5/ ae oe 22.10 19.04: 10.35 21.99 32.25 37.01 
Moving packed boxes from storage and loading refrigerator cars (includes : : : 
blocking out and manifesting 76/6 8.28 : 20.77 24.12 
Totals s 22 3 51.91 55-29 : 29.22 3.59 92.81 106.63 
Industriel fork-lift trucke and 48-box pellets . : : 
Unloading unpacked boxes from rosd trucke and moving into ‘atorage $ : : 
(18-box or 3-pellet load high stacks) 11/ 2 gale 1.20 1.20 : 2.58 1.47 4.05 u,35 
Moving unpacked boxes from storage to the pecking line (pallet loade : : H : 
removed from 3-high etacka) 12/ = as ¢ u.67 67 : 3.19 EBT 4,06 4,22 
Moving packed boxes from packing line to storage (15-box or tnallet : 3 : 3 
loed high stacks) 5/ so Be 6.10 : 5.43 3 3.07 6.24 9.41 10277 
Moving pecked boxes from storage and loading refrigerator cers (includes 1 : : : 
blocking ont and manifesting) 13/ : : i A 16.39 
Totals Cie fone 16.91: 99: 14.05 17.94 31.99 35-73 
Indnetriel clamn-type lift trucks (24-box capacity--unnacked fruit : : : : 
Unloading unpacked boxes from road trucks end moving into storage H : : : 
(12-box or 2-unit lond high etacks) 14/ 2h oa 4.290: (2.86 : 2.22 3.50 5.72 6.4L 
Moving unpacked boxes from storage to the packing line (24—box losd 3 : : : 
removed ef unit) eth at “57 2 4.57 2 18h 5.44 Te 42 
Moving packed boxes from packing line to storage (20-box unit londs— ‘ 1 3 t 
10 boxes high) 5/ ae ee | 6.31 : 6.31 ¢ 2.29 7.49 9.88 11.46 
Moving packed boxes out of storege and loading refrigsrator cars 3 : : : 
(includee blocking out and manifesting) 15/ i t t f ~i-e 
Totcls a. emer 20. s 22.42 : 19.95 -80 37.75 7% 
2 H t t 


1 Except as ctherwise noted treneportetion distances heve been atendardized aa follows: qay Unloading unp-cked boxes and moving into atorage 100 feet; 
(2) moving unpacked boxes from storage t> the packing line 190 feet; (3%) moving packed baxes from the pecking line to atorege 175 feet; (U) moving packed 
boxee out of storage end loading refrigerator cnrs 210 fect by use of industriel trucka and 160 feet by use of other tynes of aouipment. Refrigerator cers 
are loaded in divided loads which are etripped and braced. 

2/ Equipment costs computed from data on ownership end operating cots shown in table 2. 

"Current" labor costs computed from wage retes of $1.25 per hour for unskilled labor and $1.30 per hour for eemiekilled workers (key workers euch 

as industrial track operators). 

4/ Assumed labor costs computed from wage rates of $1.40 per hour for unekilled labor and $1.55 per hour for semiskilled workers. 

5/ Sections of gravity-type roller conveyor are used with all enuipment combinetione ehown for segregating packed boxes of fruit while these boxer are 
osing moved fram the necking line to storage. 

bf when blocking out pnd maniresting are perrorned simultaneously with loading additionel workers wld de required. “hen locds ere blocked out pricr 
to loading, these operetions are performed by one or more workers from loading crew, 

U In equipment time and costa, allowance ie made for 15 feet of gravity roller conveyor. 

8/ Floor chain conveyors are not used for moving packed boxes to storage. Coste and other data shown for parforming this cycle »f operations cover the 
use of balt conveyors, grevity-tyne roller conveyore, and hand trucks. 

9/ Vertical trensportation distance not included in elevator methods. 

10/ Stendard trensporteation distance increased to 150 feet because 50 feet additional distance is involved in moving stacks into and out of two temporary 
storage blocke or banke. 

11/ Boxes received palletized. 

1e/ Sections of grevity-type roller conveyor ured at dumper se accum. 

13/ Pellet loade released in crr door on pallet dollies. ; 

a4/ Six-high stacke of boxes hand trucked from road truck bea to receiving platform. Standerd transnortation dietance increased to 110 fret because 
10 feet edditionel distance is involved in use of temporary storage block on platform. 

15/ Indvetrial-clamp trucks sre used for loading out refrigerator care in combination with belt conveyor and gravity-type roller conveyors. 


lator for pallet loads. 
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Table 155.—Comparative labor and equipment costs for handling 1,000 boxes of apples through four specified cycles of operations involved by improved methods 
when moving fruit into, within, and out of storage houses by use of specified types and combinations of types of equipment 1/ 


Labor and 3 Labor and equipment costs 


Type of equipment and cycles of operations iWorkers, *_equipment required + ‘Equipment: Labor ee cite 
: : Current =: Assumed 
; Equipment , Labor ., 2 : 3/ : t__wages 
:Number -Taghine fours: Man-hours: Dollars Dollars Dollars Dollars 


Clamp-type 2-wheel hand trucks and mechanical high-piler 


Unloading unpacked boxes from road trucks and moving into storage 


(12-box high stacks) : oh 3 4.19 : 4.19 : 0.70 4.82 5.52 6.57 
Moving unpacked boxes from storage to the packing line (broken out of =: z : 3 
12-box high stacks) 3 9296 2 7675 = 1h 8.91 10.40 12.34 


Moving packed boxes from packing line to storage (mechanical high-piling: : A 
in 10-box high stacks) 5/ 19.04 : 14.28 : 3.23 16.42 19.65 23.22 


Moving packed boxes from storage and loading refrigerator cars (snetudess 6 fi 8 
blocking out and manifesting) 
Totals 


Clamp-type. 2-wheel_hand trucks, belt conveyors, and mechanical high-piler : 


Unloading unpacked boxes from road trucks and moving into storage 


(12-box thigh stacks) 7/ 7 5.05 3 9807) 2" 553 8.13 9.66 1.43 
Moving unpacked boxes from storage to the packing line (broken out of +: 3 FH 
12-box high stacks) 223 9.65 8, 5.32052) 5S 6.12 10.70 12.03 
Moving packed boxes from packing line to storage (manual high-piling in : : : 
10-box high stacks 5/ Caer aoe 19.04 2 9.52 2 4.37 10.95 15.32 17.70 
Moving packed boxes from storage and loading refrigerator cars (includes: ; 5 3 
blocking out and manifesting) 26/6: 6. 390350) sol 13,22 4 175 
Totals Hee har 40,18 Tac yy \ bar pea y- 2 38.42 50.23 58.58 
Cc ; 2-wheel hand trucks, floor chain conveyors, and mechanical 2 A 
high-piler : 3 3 
Unloading unpacked boxes from road trucks and moving into storage Fy 3 : 
(12-box high stacks) a 6.30 5025 = 1.94 6.04 7.98 9029 
Moving unpacked boxes from storage to the packing line (broken out of : 3 . ‘ 
12~box high stacks) 5 2 -5 9.87 436 3.32 5.01 8.33 9042 
Moving packed boxes from packing line to storage (manual high-piling in : (3 : 3 
10-box high stacks) 5/ 8/ So ater oe 19.04 a! 9552) 5) he 37 10.95 15.32 17.70 


Moving packed boxes from storage and loading refrigerator cars (includes 
blocking out and manifesting) : 


Moving packed boxes from storage and loading refrigerator cars (includes: 


blocking out and manifesting) 13/ 


Totals : 3 : 
Clamp-type_2-wheel hand trucks, elevator, and mechanical high-piler 9/ A : : 3 
Unloading unpacked boxes from road trucks and moving into storage : Cs : $ 
(12-box high stacks) 10/ : 8 11.16 2 9.92 2 4.92 AL 16.33 18.81 
Moving unpacked boxes from storage to the packing line (broken out of =: 3 3 B 
12-box high stacks) ti Bin, Vs U,.62 8.98 =: 10.67 10.33 21.00 23.24 
Moving packed boxes from packing line to storage (manual high-piling in : 2 : : 
10-box high stacks) 5/ te he 72 22.10 219.04 : 10.35 21.9 32625 37.01 
Moving packed boxes from storage and loading refrigerator cars (includes: : $ 2 
blocking out and manifesting) 26/6 3: 713.40 _ : 15.41 20.77 12 
Totals : 21 4 56.1 + 51.34 = 31.30 59.05 90.35 103.18 
Industrial fork-lift trucks and box ets : 2 : 
Unloading unpacked boxes from road trucks and moving into storage Hy 3 : 
(18-box or 3 pallet load high stacks) 11/ ete hs 1.28 2 696 + 2.75 1,20 3.95 419 
Moving unpacked boxes from storage to the packing line (pallet loads $ rE : 5 
removed from 3-high stacks) 12/ # 2 4 4.67 3° 67 3) (3519 87 4.06 4,22 
Moving packed boxes from packing line to storage (15~box or 3-pallet 8 3 : : 
load high stacks) 5/ s 2° ok 6.10 = 5.43 : 3,07 6.3h 9d 10.77 


10 boxes high) 5/ 
Moving packed boxes out of storage and loading refrigerator cars 


(includes blocking out and manifesting) 16/ : : 3 
Totals ay SOs 20.21 718.79 =: 12.95 226 35.55 40,25 


Totals A : A 

Industrial c: lift trucks ‘box _capacity—unpacked fruit 3 H : : 

Unloading eae boxes from road trucks and moving into storage A 3 : 3 
(12-box or 2-unit load high stacks) 14/ 3A tem 38h 7 2.56 : 3.14 3.13 6.27 6.91 

Moving unpacked boxes from storage to the packing line (2~box load 3 : 3 : 
removed as unit) 15/ ai” 2, ~ 36 ho5T 7 1.24 2 2.92 1.61 4.53 48h 

Moving packed boxes from packing line to storage (20-box unit loads— =: : 3 
eaters 6.31 6.31 : 2.39 749 9.88 1.46 


V Except as otherwise noted transportation distances have been standardized as follows: (1) Unloading unpacked boxes and moving into storage 100 feet; 
(2) moving unpacked boxes from storage to the packing line 190 feet; (3) moving packed boxes from the packing line to storage 175 feet; (4) moving packed 
boxes out of storage and loading refrigerator cars 210 feet by use of industrial trucks and 160 feet by use of other types of equipment. Refrigerator cars 


are loaded in divided loads which are stripped and braced. 
2/ Equipment costs computed from data on ownership and operating costs shown in table 2, 
"Current" labor costs computed from wage rates of $1.15 per hour for unskilled labor and $1.30 per hour for semiskilled workers (key workers such 
as industrial truck operators). 
Assumed labor costs computed from wage rates of $1.40 per hour for unskilled labor amd $1.55 per hour for semiskilled workers. 
35/ Sections of gravity-type roller conveyor are used with all equipment combinations shown for segregating packed boxes of fruit while these boxes are 
being moved from the packing line to storage. 
6/ When blocking out and manifesting are performed similtaneously with loading additional workers would be required. When loads are blocked out prior 
to loading, these operations are performed by one or more workers from loading crew. 
7/ In equipment time and costs, allowance is made for 15 feet of gravity roller conveyor. 
8/ Floor chain conveyors are mot used for moving packed boxes to storage. Costs and other data shown for performing this cycle of operations cover the 
use of belt conveyors, gravity-type roller conveyors, and hand trucks. 
Vertical transportation distance not included in elevator methods. 
10/ Standard transportation distance increased to 150 feet because 50 feet additional distance is involved in moving stacks into and out of two temporary 


storage blocks or banks, 
11/ Boxes received palletized. Standard transportation distance increased to 110 feet because pallet loads are unloaded to apron in temporary block, 
later removed to storage. 
Sections of gravity-type roller conveyor used at dumper as accwmlator for pallet loads, 
Pallet loads released in car door on pallet dollies. 
Road truck bed stabilized by use of hydraulic unit. 
24-box unit loads released on floor chain accumilator behind dumper. 
Industrial-clamp trucks are used for loading out refrigerator cars in combination with belt conveyor ami gravity-type roller conveyors. 
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1,000 boxes, and (2) belt conveyors and hand trucks with costs of $60.28 
per 1,000 boxes. When the improved methods are used these costs are 
respectively reduced to $90.35 and $50.23. 


In the smaller one-floor plants where the annual hours of use of 
equipment might be less than those shown in table 2 and where transporta- 
tion distances might be shorter than the standard distances used for 
analytical purposes, clamp-type 2-wheel hand trucks should be about as 
efficient as industrial trucks. Labor and equipment costs by use of hand 
trucks are $56.03 per 1,000 boxes when the common methods are used and 
$48.94 when improved methods are employed. These costs are significantly 
above the industrial truck costs but this difference could be narrowed 
considerably by shorter transportation distances. 


Conversely, for longer distances than those used for analytical 
purposes, the relative advantage of industrial trucks would increase. 
Moreover, in the event of increases in wage rates, industrial trucks 
would become relatively more efficient. 


Obviously handling costs could be reduced if some of the pre-shipment 
storage operations (for both unpacked and packed boxes) could be eliminated. 
Table 156 shows comparative labor and equipment costs by use of the six 
combinations of equipment when apples are moved directly to the packing 
line. Apples can be received directly to the packing line from orchard 
trailers, by use of sections of gravity-type roller conveyor, and loaded 
into refrigerator cars directly from the packing line, by use of belt con- 
veyors and gravity-type roller conveyors, for $13.50 per 1,000 boxes. 
However, the elimination of all storage operations is possible only for 
the early varieties and then only to a limited extent. 


Packing all or most of the apples as they are received also is 
desirable from the viewpoint of reducing handling costs. By use of most 
of the combinations of equipment fruit can be received to the packing 
line at about the same costs incurred in receiving to storage. Receiving 
directly to the line therefore eliminates the costs involved in moving it 
from storage to the line. However, as previously pointed out,receiving 
directly to the packing line also has its disadvantages which in many 
plants offset the savings in handling costs. 


In multiple-story plants belt conveyors and 2-wheel hand trucks are 
the most efficient types of equipment unless plant can be renovated to 
permit use of industrial trucks. Plants that have elevators should find 
that the use of light weight industrial-clamp trucks would materially 
reduce handling costs. By use of elevators, these trucks could be moved 
from floor to floor and permit considerable flexibility in their use. 


Figure 132 shows an industrial-clamp truck operating in an older 
building. However, ceiling heights and floor structures may determine 
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Table 156.-- Comparative Labor and eouipment costes for handling 1,000 boxes of apples through three apecified cycles of operetions involved in moving fruit 
into, within, and out of stornge hoses by use of specified tynee and combinations of tynas of eouipment ay 


; B Demers Srtreeine vd cea end equipment costs 
: : Total costs 
Type of equipment and cycles of operations ‘Workers: Equipment : Labor {Eouipment: Mabon’ WrcicursantnemeRemimad 
H H H H 2/ H yo: wages i wages h/ 
: A H 
Clamp-type 2-wheel hand trucke and mechanical high-piler : : H 3 
Unloading ond moving anples directly to the packing line : 3 : 5.35 3: 5.35 + 0.23 6.15 6.28 7.62 
Moving packed boxes from packing line to storage (mechanical high-niling : : 5 : 
in 10-box stacks) 5/ i>3 : 19.04 +: 14.98 : 3.23 16.42 19.65 23.22 
Moving pecked bdoxee from storege and loading refrigerator cars 4 : o 3 $ 
(Aneluder blocking ont and manifesting) : i t : ‘ 13.26 23.37. 6.25 
Totels Fae i ay 29.26. : 31.16 : 3.47 5.93 29,30 47.99 
Clamp-type 2-wheel hand trucks, belt conveyors end mechanicel hich-piler 3 : : 
Unloading and moving explea directly to the vacking line : 3 : 8.72 : 4.99 : +95 5.74 6.69 7.94 
Moving packed boxes from packing line to storege (manual high-piling H : + : 
in 10-box high etacke) 5/ 2 : 19.04 : 9.52 : 4.37 10.95 15.32 17.70 
Moving, nacked boxes from storage and loading refrigerator cars 5 - : : 
(includes blocking out and menifcsting) ai : 23.22 W655 HS 
Potale : 29.51 76.66 43.06 
Clamp-type 2-wheel_ hend trucks. floor chain conveyorra ond mechenical y : 
high-ciler 3 t : ’ 
Unloading snd moving apples directly to the packing line 7/ 3 : 5.66 : 2.33 : 2.92 2.68 6.60 7.18 
Moving packed boxes from packing line to storage (manual high-piling x 3 3 : 
in 10-box high stacks) 5/ Se 19.08 =: 9.52 : 4.37 10.95 15.72 17.70 
Moving packed boxes from storege and loeding refrigeretor cars ; : : : 
includes blocking out and manifesting) 26/5 : -£ : 10.65 : 2.69 12.24 145 17.59 
Totels > os 70.57: 22.50 10.98 25.27 36,85 W247 


Clemp-type 2-«heel hend trucks, elevator and mechenical high-piler &/ 3 : H : 
Unloading end moving epples directly to the packing line 9/ : 3 : 5.35 : 5.3 3 13 6.15 6.28 7.62 


Moving packed boxes from packing line to storage (manuel high-piling in 
10-box nigh stacks) 5/ 

Moving packed boxee from satorege and locding refrigerator cere 
(Ancludegs blocking ot end manifesting) 


Totele 
Industriel fork-lift trucks and 48-box pallets : : : : 
Unloading end moving epples directly to the packing line 10/ 2 1.52 : ens of 3.27 1.51 4.78 5.96 
Moving pecked boxes from packing line to storege (15-box or 3-pellet 3 
load high stecks) 5/ 2 6.10 5.43: 3.07 6.34 0,42 10.77 


Moving packed boxes from storage end loading refrigerator cere 
(includes blocking out and menifesting) 11/ 


Totals : 
Industriel clem-t lift trucks (2l—box capacity--unnecked fruit) : : 
Unlozding and moving apples‘directly to the packing line a, be H 4.93 4.92 1.96 5.79 75 8.98 
Moving packed boxes from packing line to storage (20-box unit londe-— 3 
10-boxee high) 5/ ae ne : 6.31 6.31 2.39 7.49 9.88 11.46 


Moving packed boxes out of storage and loading refrigerator cars 
(includes blocking out and menifesting) 12/ 
Totcla 


3 
3 


19.92 22.50 


1/ Except as otherwise noted tranevortation distances have been standardized as follows; (1) Unlcading and moving apples directly to the pecking 
lice 70 feet; (2) moving packed boxes from the packing line to storage 175 feet; (7) moving packed boxee out of atorage end loading refrigerator cers 
210 feet by use of industrial trucks and 160 feet by use rf other types of equipment. Refrigerator care ere lorded in divided lords which ere satrinped 
and breced. 

2/ Equipment costs computed from data on ownership and operating costs shown in teble 2. 

3/ "Current" labor conta computed from wage rates of $1.15 per hour for unskilled labor and $1.20 per hour for semiskilled workers (key workere 
euch as industrial truck operators). 

u/ Assumed lebor costs commited from wage rates of $1.10 cer hour for unsxilled labor snd $1.55 ver hour for semiskilled workers. 

5/ Sections of gravity-type roller conveyor are used with all eauipment combinations ehown for sagregeting packed boxes of fruit while these boxes 
are being moved from the packing line to storaze. 

6/ When blocking mt end manifesting are performed eimltaneously with loading additional workere would be required. When loads ~re blocked out 
prior to loading, these operations are performed by one or more workers from loeding crew. 

Transporteticn distence increased tc 170 feet (70 feet by hand truck, 100 feet by floor chain conveyor). 

Verticel traneportation distance not included in elevator methods. 

Dlevators are not used for this operation. 

Boxes received palletized. 

Pallet loade released in car door on pallet dollies. 

Iadustrial-clemp trucks are used for loeding out refrigerator ccrs in combinetion vith belt conveyor and grevity-type roller conveyors. 


RIE rors 


whether or not industrial-clamp trucks can be used in an existing plant. 
Plant renovation must be considered in connection with the use of 
industrial trucks in older buildings. 


It is possible that the efficiency of handling operations in multiple- 
story plants can be increased by using industrial trucks to elevate fruit 
to upper floors and using light weight trucks to move fruit to storage. 
The possibility will be explored in a subsequent report, which will 
cover innovations in apple handling methods and equipment. 


When labor is plentiful and only a small investment in equipment is 
to be made, the hand-truck method of handling is most practical. However, 
hand trucks are not adapted to larger sized plants because transportation 
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Figure 132.--An industrial clamp truck being used in an older building. 


distances become too great. Generally, the scarcity of labor during the 
harvest season makes it inadvisable to construct plants equipped with 
hand trucks. 


The industrial-clamp truck appears to have definite advantages over 
the fork-lift truck and pallets. When pallet costs are included, capital 
costs are less for the industrial-clamp-truck operation. Data shows that 
the 24-box industrial-clamp truck operated at approximately the same 
efficiency as the 48-box fork-lift truck. The 36-box clamp truck should 
be more efficient than a 48-box pallet operation. More extensive remodel- 
ing must be done usually to convert a conventional plant to a fork-lift- 
truck operation than to industrial-clamp-truck operation. For that 
reason, in a plant-remodeling program it undoubtedly would be proportion- 
ately more desirable to use the clamp-type lift truck. However, when new 
storage facilities are being constructed other factors should be taken 
into consideration. 


The industrial-clamp truck can stack boxes efficiently only 12 boxes 
high. 48/ The fork-lift truck can efficiently tier three high or 


48/ It is possible with use of top pallet or tying type pallet that 
industrial-clamp trucks could tier 3 high. 
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18 boxes high. The cost of constructing a plant probably is less on a per 
box basis for a plant tiering 3 high than for a plant tiering 2 high. 
Therefore, part of the decision as to whether clamp trucks or fork-lift 
trucks should be used depends upon the construction costs of new storage 
facilities. 


Another important consideration is that the elapsed time to unload 
with the larger industrial fork-lift truck is notably less than the small 
industrial-clamp truck. Elapsed time is especially important in receiving 
because it is desirable that trucks not be held long at the plants. 


A possible additional factor that might enter into the decision to use 
industrial fork-lift trucks or clamp trucks hinges on the growing use of 
cartons. It is difficult to store cartons higher than two tiers,which 
means that in the future it might be desirable to construct storage plants 
for two-tier operations. 
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Washington State Apple Packing and Storage Plants 
in Which Research was Conducted 


Allen Brothers, Naches 

Brewster Cooperative Growers, Brewster 
Cashmere Fruit. Growers, Cashmere 

Congdon Orchards, Yakima 

Cowiche Growers, Cowiche 

Cubberly, F. H., Fruit Company, Tieton 
Forney Fruit and Produce Company, Yakima 
Garretson, Lloyd, Company, Yakima 
Gilbert Orchards, Wiley City 

Hi-Line Growers, Westbrook 

Karr Warehouse, Yakima 

Lake Chelan Fruit Growers, Wenoka House, Chelan 
Larabee Packing Company, Tonasket 

Mahre Brothers, Gromore 

Methow Valley Growers Service, Incorporated, Pateros 
Monitor Federated Growers, Monitor 

Ninth Street Skookum, Wenatchee 

Okanogan Cooperative Growers, Okanogan 
Okanogan Growers Union, Okanogan 
Oroville United Growers, Oroville 
Pacific Fruit and Produce, Yakima 

Ferham Fruit Corporation, Tieton 
Peshastin Fruit Growers, Peshastin 
Prentice Packing and Cold Storage Company, Westbrook 
Ranier Fruit Company, Yakima 

Scogin Orchards, Yakima 

Snow King Orchards, Tieton 

Thorndyke and Sons, Oroville 

Tonasket Ellisforde Growers, Tonasket 
Wenatchee=Wenoka Growers, Wenatchee 
Yakima Fruit Growers Association, Wapato 
Yakima Fruit Growers Association, Weikel 


Equipment Manufacturers and Distributors Who 
Cooperated_ in Research 


Air-Mack Equipment Company, Seattle, Wash. 
Clark Equipment Company, Grand Rapids, Mich. 
Food Machinery Corporation, Yakima, Wash. 
Grand Specialties Company, Chicago, Il). 
Materials Handling Company, Seattle, Wash. 
Mathews Conveyor Company, San Carlos, Calif. 
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Freston Faller Company, Seattle, Wash. 
Transitier Truck Company, Portland, Ore. 
Van Doren Machine Shops, Wenatchee, Wash. 
Youngs! Iron Works, Seattle, Wash. 


Equipment Costs 


In order to make comparisons between different types of equipment 
for performing the various cycles of operations in apple packing and 
storage houses, it was necessary to arrive at an hourly cost figure for 
each of the types of equipment included in the study. These figures were 
applied against the machine-hours required in performing the different 
operations. The product of the machine-hours times the hourly cost of the 
equipment gives the equipment cost for the operation. Tables 157 to 160 
are self-explanatory and show the basis for the development of the hourly 
cost for each type of equipment. 


Table 157.—-Yearly taxes per $1,000 of acquisition cost of equipment used 
in operating apple packing and storage plants in 
Washington State, 1952 1/ 


: : Levy per s Annual tax 
: : Assessed : $1,000 per s per €1,000 
t 9 ) 
pacetron : valuation 2/ : assessed : of acquisi- 
: value : tion 
: Dollars : Dollars : Dollars 
Municipal : 242.80 3 46.00 : 11.16 
Rural : eLeeo ss 39.00 : 9347 
Average : 242.80 : 44.00 : 10.68 


1/ Acquisition prices are interpreted as fair replacement costs. 

2/ Assessed valuation equals 35 percent of acquisition price for the 
first 2 years, 20 percent for the next 5 years. $242.80 is average yearly 
assessed valuation per $1,000 of acquisition price for 7 years. 

3/ Levies will vary as a result of special circumstances in the 
immediate area. 

Source: Office of Yakima County Assessor. 
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Table 158,—-Yearly insurance premium per $1,000 of appraised value of warehouse and equipment for 
Washington State apple packing and storage plants 1/ 


: Premium : Premium 
Insurable: per $100 :per $1,000 


oo 00 00 


Location Range : Construction : Fire area ; value : insurablesappraisal 

: 7 3 2 : value: value 
7 s : : Dollars : Dollars: Dollars 
Central muni-: minimum ; reinforced concrete: protected industrial =: 900.00 : 0.50 =: 4.50 
cipal s mode : masonry and wooden: protected industrial <= 900.00 : iD ss 6.75 
: maximum ; frame : protected industrial : 900.00 : lS eas 10335 
Rural agri- :; minimum ;: reinforced concrete: unprotected agricultural: 900.00 : LOOKS 9.00 
cultural : mode 2/ : masonry and wooden : unprotected agricultural: 900.00 : de cOmes 10.80 
ae : frame : unprotected agricultural: 900.00: 1.75 =: 15375 


1/ Appraised value is the valuation placed by independent appraisers. This valuation is of 
special benefit in placing a value on older plants and equipment as it considers replacement, not new 
cost, and takes into consideration condition and age. 90 percent of the current appraised value is 
equal to the insured value. 80 percent of the appraised value is equal to the maximum recovery. 

2/ A number of plants of conventional construction had rates of around $1.50. The figure of 
$1.20 is the result of most rural plants being grouped in small communities. 

This plant is a ranch structure located in the orchard and of frame construction. 

Source: Advisory rates by Washington State Surveying and Rating Bureau, 


Table 159.-—-Insurance premium on industrial trucks in use in Washington State apple packing and 
storage plants 1/ 


Fy : : Premium : Premium per : Premium per 
: Acquisition s Insurable <: per $100 =: $1,000 : year per 
Term of policy : price : value : insurable : acquisition : $1,000 acqui- 
A : : value: price : sition price 
2 Dollars : Dollars : Dollars : Dollars 3: Dollars 
1 year : 1,000 s 900 7-00 9.00 : 9.00 
3 years : 1,000 : 900: 2.01 1s 25.83 : 8.61 


1/ Most of the industrial truck insurance policies are written on separate riders covered by 
automotive insurance companies. The 3-year policy is not as advantageous as it appears because the 
amount recoverable decreases each year. The same factor in the l-year term policies would be repre- 
sented by less insurable value and a reduction in premium, 
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Table 160.—Cost of ownership and operation of various types of materials—handling equipment used in apple packing and storage plants, 1952 


Industrial clamp-type lift truck 


1 3 i 2 3 3 : Total ownership 
3 3 Fy : t Ownership cost per year : Operation cost r year : and operating 
zAmount of: Sone, Seeks 2 Some 3 : re : “s = : cost 
uipment: cost 1, 3 aati : zsInterest : Insurance : : Gas, oil,: 3 3 z 
Type of equipment req : {ation = ar ‘Depreci~- r ?* Mainte-, > Cost ° Per hour 
d : : : Lhe : aes : at + and taxes : Total :and elec- eae 2 Total ‘per year? of use 
: : Dollars : Number: Hours : Dollars Dollars Dollars Dollars: Dollars Dollars Dollars : Dollars Dollars 
Clamp-type 2-wheel hand truck = one =: Mhel0: 20 +: 400 =: 3.70 1.85 1.48 710033 2.50 2.50: 0255 0,024 
: rj : : : Fy : 
Belt conveyor (100 feet) : : : 3 : 2 
Belting ($2.30 per foot) 2205 feet : 15s : 31.43 : : 
Dip and load section z one eames 2: 3499 B : 
Curved end section 3 one : 25 3 : 1.99 g 3 
Motor z one ¢ 25: > 68,88 : t 
Drive t one : 25 : t 5.70 fy Hy 
Idle ends : two : ao, 42 2 3.32 : t 
Floor supports : nine : 25 3: t 2.16 ° : Fy 
Roller sections : ten 3: 25) 8 : 15,80 t : 
Installation (5 percent) 3 z : : 0 t : 
Total : 5 15=25 t 76.30 39.83 31.8 147.99 = 4,00 15.00 19,00: 099 0.83 
; Hy 3 & 2 : 
Floor chain conveyor (100 feet) : 2 : : 2 2 
Chain 3200 feet : : 3 3 3 3 
Drive z one 3 3 3 : : 
Idle ends = one = 3 : : : 
Installation (10 percent) 2 : : : : 
Freight 2 2 3 3 
Total : 3 2 : 
: : : : : 
Roller conveyor (100 feet) : t : : 2 : Hy 
Sections > ten : 325.00 : t 3 
Floor supports : eleven : 55.00: 3 3 3 
90° curve : one : 35.75: 2 : : 
Freight 3 H 6450: g : H i 
Total $ 5 492.25: 15 ¢ 2 32.85 12.31 9.84, 55.00 : 1.50 1.50: 56.50 0.28 
6 : : 3 Z Hy : 
Portable mechanical lift 3 : 3 : 3 2 : 
Machine 2 one ?¢ 600.00: 10 60,00 3 2 
Batteries 3 : $ t 
Total 3 3 A 2 : 
Industrial clamp truck (800—pound 3 : H : 
capacity—gas—12-box load) : : : t : 
Machine 2 one 3: 1,080.00: 3 t 3 
Freight 3 : : : A 3 : 
Total : A 1,152.00: > 250 : 115.20 28. 230k 167.04 : 34.00 3.00 00 = 231.04 0.92 
: : : 5 : 3 3 
Stackmaker 4/ : t : : : : t 
Machine 2 one 3 2,500.00: 15 +: 150 + 166.67 62.50 50.00 279.17 2.25 5/ 2.00 22625: 301.42 2.01 
2 2 : 3 F : E 
Stackbreaker 6/ : 4 3 ; 2 t : 
Machine = one ¢ 2,000.00: 15 :7/ 350 =: 133.33 50.00 40.00 223.33 : 5.25  5/ 20.00 25225: 248.58 71 
2 : H - 7 . 2 
Elevator 8/ 2 one ¢ 13,375.00: 20 +: 400 : 668.75 334 037 267.50 1,270.62 : 5.00 10.00 15 ,00:1,235.62 3,21 
Booster to accelerate packed boxes going : : : 2 : t : 
into refrigerated car 9/ : i : : 2 : E 
Motor sone : 100.00: : : : 
Labor and mterial : ui : H 3 H 
Total : : : : : : 
: 2 Fy Fy : A A 
Hydraulic device to stabilize road truck : : $ 3 $ 3 3 
bed 10/ & t E : : : : 
Hydraulic units tone ? 850,00: 7 7 4 : 
Motor > one 2 100,00: 3 3 3 3 
Switch and wiring = z 100,00 2 3 Hy t 
Installation A 3 3 3 2 
Total : : 3 : 2 2 
: ; 3 t 2 
Innovation to stabilize road truck bed 12/ fe A 7 2 7 : 
Material z 3 20.00: 3 : 3 2 
Labor 3 3 30,00: H 3 H H 
Total ? one : 50.00: 15 +: 150 =: 3.33 1.25 1.00 5.58 : 2 5.58 0.04 
Industrial clamp-type lift truck : 2 : G 3 3 
(1,000-pound capacity—gas—2)-box load): 2 ‘ 7 3 G 
Machine : 3 3 3 
Clamp fy Hy rR : 
‘Freight : : 2 
Total : : : : 3 
: : : = : : : 
Industrial clamp-type lift truck t $ : 3 : 3 3 
i ean capacity—electric—2h-box : 2 : Fy : 3 3 
load 3 : 3 3 : 
Machine = one : 2,472.00 20 123.60 a = 
Clamp z one ?: 627.00: 20 =: 31.35 3 A 
Battery : one 3 7162.00 TA 101.60 2 : 
Charger > one 7? 450,00 20 22.50 3 
Freight : H 
Total B = 76.00: 566.33 1.42 
3 t : si 2 
Industrial clamp-type lift truck : 2 2 3 : $ 
(2,000-pound capacity—gas—36—box load): : 3 3 3 q 
Machine : one 3s 2,641.00: 3 . 7 
Clamp > one 2: 627,00: 3 t 
Freight Hy H 3 : 
Total 3 : 80.50 212,00: 728.20 1.82 


(2,000-pound capacity—electric—36-box 


Jee we fee or oe 00 oe ce on oe oe oe 


load) : : 

Machine one: 3,567.00: 20 178.35 : 

Clamp one 7? 627.00: 20 31.35 2 
Battery one + 3 : 
Charger one : : 3 
Freight FH 3 3 3 

Total : : 5 38.00 200: 743.08 1.8 
: 2 2 


See footnotes at end of table, Continued ~ 
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Table 160.—Cost of ownership and operation of various types of materials—handling equipment used in apple packing and storage plants, 1952 - Continued 


Total ownership 


: $ i? Ownership cost per year Operation cost per year and operatil 
Type of equipment pmo er tsa Saaesce cae per — ids cost i 
equipment: cost 1/ atiol : :Interest : Insurance : Gas, oil, Mei : : 
a wear Depreci— svat : and taxes : Total :am elec- : : Total Cost: 2herhous 


per year’ of use 


Industrial fork-lift truck (2;000-pound 
capacity—gas—36—box load) 15/ 
Machine 
Freight 
Total 


131.50 


80.50 212.00 


te 06 ob colee oo oo ov 


Industrial fork-lift truck (2,000-pound 
capacity—electric—36-box load) 15/ 
Machine 
Battery 
Charger 
Freight 

Total 


216/ 3,667.00: 20 


Industrial fork-lift truck (4,000-pound 
capacity—gas—48—box load) 
Machine 
Freight 
Total 


Industrial fork-lift truck (4,000-pound 
capacity—electric—i8—-box load) 
Machine 
Battery 
Charger 
Freight 
Total 


Low-lift pallet transporter (/,,000~pound 
capacity—electric—-48-box load) 17/ 


Machine 1,326 
Battery 
Charger 
Freight 137. ' 
Total 2,097.00: 7, 200 299.29 1.50 


Dunnage strips used between industrial 
clamp truck unit loads to stabilize 
stacks in storage (24-box loads—2-loads 
high) 1 inch by 4 inches by 2-foot 
strips for 1,000 boxes at $50.00 per 
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1,000 board feet 2.08: 5 :18/ 4.69: 0642 0.05 0.04, 0.51 0.51 O11 
Pallets—36—box (36 inches by 40 inches) : J : 

Pallets for 1,000 boxes at $2.50 71.8h: 218/ he 5.19 1.95 1.56 : 9.16 1.93 
Pallets—18-box (40 inches by 48 inches) : : : 

Pallets for 1,000 boxes at $3.00 62.70: 218/ 3.64: 4.18 1.57 1.27 7.02: 7.37 2.02 
Pallet dolly for loading out : : : : 

Dolly 42.85: B's 2008 °s 8.57 1.07 0.86 10.50: 11.50 0.06 

H : 7 5 : 


1/ Based on cost in Washington State. 
2/ Average costs in the industry—gasoline at $0.25 a gallon, oil at $0.40 a quart, electricity at $0.01 a kilowatt hour. 
Operation costs cover recharging storage battery after every 2 hours of use for stacking, after every 8 hours for breaking out high-piled boxes, at rate of $0.50 

per battery charge (150 hours stacking, 150 hours stackbreaking). This cost may be reduced if a plant installs its own charger. 

4/ Machine builds single boxes into 6-high stacks of boxes, 
Cost may be reduced with improved models. 
Machine breaks down 6-high stacks of boxes to single boxes, 
7 Relatively large number of hours because machine breaks stacks for packing line. 

8/ Eight-thousand pound capacity, lift 40 feet, 10 horsepower motor, push button "dead man” control, lift speed 2 feet per mimte, platform 8 by 10 feet. 

9/ Made by plant, not available commercially, Used instead of a man to push boxes ona roller conveyor from the doorway to the ends of a refrigerator car, 

10/ A hydraulic unit which holds truck bed solid against a loading dock and allows industrial equipment to operate on truck bed, 

L/ Hlectric motor runs only part of the time that the hydraulic dock is in use. 

12/ Made by plant, Metal frame wedge projecting from the loading dock, As truck is backed up, the mtal frame pries the end of truck bed to an even height with loading 
dock to allow industrial equipment to operate on road truck bed. (Will usually operate properly with only the one or two road trucks it is mde for.) 

13/ The operation cost for this 1,000-pound gasoline powered industrial clamp-type lift truck appears high compared to the 2,000-pound and 4,000-pound machines. Costs 
taken from plant using two 1,000-pound lift trucks over period of 4 years. 

l,/ No actual costs available; taken from 2,000-pound electric industrial lift trucks. 

15/ Recently there has been a trend toward buying the 4,000-pound capacity fork truck in 36-box pallet plants which tier pallets 3 high, because extra lift height 
must be added to the standard 2,000-pound model. The additional cost of about $100 between the 4,000-pound and 3,000—pound model mikes the jump to 4,000-pound trucks 


worthwhile to most operators. 
16/ One hundred dollars added for extra lift necessary. 


17/ Operator walking type. 
I8/ Estimated hours of use arrived at by counting the time during which the pallets or dumage strips are being handled, based on the muber of hours of work required 


per 1,000 boxes in all phases of handling. (Storage time not considered.) 


ln 


Miscellaneous Total man-hours 

Receiving to storage Storage to line Line to storage Storage to shipping out (culls, empty boxes, etc per_1,000 boxes 
Dunnage strips 1.04 1.13 1.48 1.04 - 4.69 
36—box pallet 272 078 285 81 1.58 47h 
48-box pallet 055 +62 263 +63 1.21 3.64 


19/ Maintenance at $0.25 per pallet life, 
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Standard Data 


Fatigue allowances for performing various jobs in apple 


packing and storage houses 


Job 


Manual stacking of boxes on to or off of orchard 
trailers and road trucks 

Handling empty pallets 

Jacking stacks of boxes into position on pallets 
in a railroad car 

Manual unloading of boxes from orchard trailers and 
road trucks to belt conveyor and pallets or hand 
stacking loads for a hand truck 

Manual stacking boxes on to or off of a belt conveyor 

Manual highepiling 10, 11 or 12 high 

Manual highepiling 9 high 

Manual breaking out high-piled boxes from 10, 11 or 
l2-high stacks 


Manual breaking out high=piled boxes from 9=high stack 


Operating a mechanical highepiler in high-piling or 
breaking down highepiled boxes 

Manual stacking boxes in loading out 

Manual stripping of a carload with lath 

Hand trucking boxes of apples or empty boxes 

Moving fruit by industrial fork-lift truck or 
industrial clamp truck 


Fatigue allowance 
Percent 


20 
20 


1O 


Ss 


Average labor requirements per 1,000 unpacked boxes of apples for 
set up and clean up before and after unloading road trucks and 
orchard trailers by use of various types of equipment at apple 


packing and storage plants 1/ 


Unloading road truck by use of hand trucks: 


Hand truck crews: 


Labor required 
Man=-hours 


Set _up: Begins when ropes holding boxes on trucks 

are released. Consists of removing ropes, end gate 

or V-boards 2/, and center tie ropes, placing bridge- 
plate, and getting hand truck, Ends when hand trucker 


begins to take stacks from road truck bed. 


See footnotes at end of tabulation 
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Labor required 
Man-hours 
Clean up: Begins when hand trucks placed in a 
storage area, Consists of removing bridgeplate, 
placing end gate or V-boards on truck bed, and 
adjusting tie ropes. Ends when road truck is 
free to leave receiving area. 0.05 


Unloading road truck by use of belt conveyors and hand 
trucks: 


Truck crews 


Set _up: Begins when hold ropes are released. Con- 

sists of removing hold ropes, end gate or V=boards, 

and center tie ropes, and positioning extensions, 

Ends when worker begins to place boxes on belt 

conveyor. 209 


Clean ups Begins when worker picks up extensions. 

Consists of removing extensions, placing end gate 

or Veboards on truck bed, and adjusting tie ropes. 

Ends when road truck is free to leave receiving area, 07 


Warehouse crews: 


Set_up: Begins when worker starts belt conveyor. 
Consists of waiting for boxes to arrive in work 
area on belt conveyor. Ends when worker begins 
to stack boxes off belt conveyor. a bs] 


Clean ups Begins when last box is off belt con- 
veyor., Consists of stopping belt conveyor. Ends 
when belt conveyor stops. Ol 


Hand truck crews 


cet ups Begins when belt conveyor starts. Cone 
sists of hand trucker bringing hand truck to work 
area and waiting for first stack. Ends when hand 
trucker begins to take stack from work area. pals 


Clean up: Begins when last stack is placed in 


storage. Consists of placing hand truck in storage 
area. nds when hand trucker leaves his hand truck, 201 


See footnotes at end of tabulation Continued = 
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Unloading orchard trailer by hand trucks or belt con- 
veyors and hand trucks: 


Truck crews: 


Set_up: Begins when tractor operator walks to 
trailer. Consists of walking to trailer and 
positioning himself on trailer bed. Ends when 
first box is picked up. 


Clean ups Begins when last box is stacked off 
field trailer. Consists of walking to tractor. 
Ends when tractor engine starts. 


Warehouse crews: 


Set_ups Begins when worker starts belt conveyor. 
Consists of waiting for boxes to arrive in work 
area on belt conveyor. Ends when worker begins 
to stack boxes off belt conveyor. 


Clean ups Begins when last box is off belt con- 
veyor. Consists of stopping belt conveyor. Ends 
when belt conveyor stops. 


Hand truck crew: 


Set up: Begins when belt conveyor starts. Consists 
of hand trucker bringing hand truck to work area 

and waiting for first stack, Ends when hand trucker 
begins to take stack from work area. 


Clean up: Begins when last stack is placed in 
storage, Consists of placing hand truck in 
storage area, Ends when hand trucker leaves 
his hand truck. 


Labor required 
Man-hours 


0.05 


-O1 


oOL 


1/ Set up consists of labor required to prepare road truck or 
orchard trailer for unloading at warehouse, Clean up consists of labor 
required to prepare road truck or orchard trailer for return to the 
orchard, Labor requirements cover 288 boxes per road truckload and 


144 boxes per orchard trailer. 


2/ Two boards held together and parallel by straps of leather. 
Boards folded in shape of a V and are used to hold stacks of boxes in 


place on the road truck bed, 
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Average labor requirements per 1,000 unpacked boxes 
of apples for set up and clean up before and after unloading 
road trucks and orchard trailers by use of industrial clamp type or 
fork-lift trucks at apple packing and storage plants 1/ 


Labor required 
Man=hours 


Unloading road truck by use of industrial clamp truck: 


Set ups Begins when tie ropes are released. Consists 
of removing tie ropes, V-boards 2/, and stabilizing 
truck bed by activating a hydraulic unit. Ends when 
truck bed is held rigidly in place. 0.09 


Clean ups Begins when V-boards are picked up. Con- 

sists of adjusting tie ropes and V=boards on truck 

bed, and releasing hydraulic unit. Ends when 

hydraulic unit is depressed and truck is free to 

move away from dock, 206 


Unloading orchard trailer by use of industrial clamp 
trucks 


Set ups Begins when tractor operator walks to 
trailer. Consists of walking to trailer and 
positioning himself on trailer bed. Ends when 
first box is picked up. «05 


Clean ups Begins when last box is stacked off 
field trailer. Consists of walking to tractor. 
Ends when tractor engine starts. a8) 


Unloading road truck by fork-lift trucks 


Set up: Begins when tie ropes are released. 
Consists of removing tie ropes and V-boards. 
Ends when ropes and boards are positioned under 
road truck. 3/08 


Clean up: Begins when V-boards are picked up. 
Consists of adjusting tie ropes and V—boards 
on truck bed. Ends when road truck is free to 
leave receiving area. By 05 
Unloading orchard trailer by fork-lift truck: 


Unpalletized field trailer 4/ 


See footnotes at end of tabulation Continued = 
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Labor required 


Man-hours 
Set ups: Begins when tractor operator gets first 
pallet. Consists of carrying pallets to trailer 
and positioning pallets around trailer. Ends 
when last pallet is positioned. 0.19 
Clean ups Begins when last box is stacked off 
field trailer. Consists of walking to tractor. 
Ends when tractor engine starts. 205 
Unpalletized field trailer 5/: 
Set_ups Begins when fork-lift truck picks up 
pallets. Consists of fork-lift truck moving 
pallets to trailer, fork-lift truck placing 
pallets around trailer anc tractor operator 
positioning pallets. Ends when last pallet is 
positioned. Pal 2 
Clean up: Begins when last box is stacked off 
field trailer, Consists of walking to tractor. 
Ends when tractor engine starts. #05 
Partly palletized field trailer 4/: 
Set_ups Begins when tractor operator walks to 
trailer. Consists of walking to trailer and 
positioning himself on trailer bed. Ends 
when first box is picked up. 205 
Clean ups Begins when last box is stacked off 
field trailer. Consists of walking to tractor. 
Ends when tractor engine starts. «05 
Completely palletized field trailer 4/: 
Set ups Begins when tractor operator walks to 
trailer. Consists of removing tie ropes and 
Veboards. Ends when V-boards are positioned 
under trailer. 018 
Clean-up: Begins when tractor operator picks 
up V-boards, Consists of adjusting tie ropes 
and Veboards on trailer bed. Ends when tractor 
engine starts. 005 


See footnotes at end of tabulation Continued ~ 
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Footnotes to tabulation 


1/ The set up consists of time taken to prepare road truck or 
field trailer for unloading at the warehouse; the clean up consists of 
time taken to prepare read truck or field trailer for return to orchard. 
These times are applicable to the unloading of allj trucks when industrial 
clamp trucks or fork-lift trucks are used regardless of capacity. 

2/ V-boards are two boards held together parallel by straps of 
leather, Boards folded in shape of a V and are used to hold stacks of 
boxes in place on the road truck bed. 

3/ When tie ropes across the width of the truck bed are used in 
addition to the two ropes running the length normally used to secure the 
loads the respective set up and clean up times amount to 0.14 man-hour 
and 0,06 man- hour. 

4/ The tractor operator performs all the set up and clean up work, 
including moving pallets to trailer when needed. 

5/ The fork-lift truck does most of the work in distributing 
pallets. Tractor operator merely adjusts pallets. 

Note: Times recorded are for a l-man crew. However, the man-hours 
per 1,000 boxes for a larger crew would be the same as the l-man crew, 
if the men worked independently and did not unavoidably interfere 
with one another, Times assume 288 boxes per truckload. 


Comparative labor requirements per 1,000 unpacked 
boxes of apples for performing selected operations associated 
with unloading from orchard trailers and road trucks at apple packing 
and storage plants 


Labor required 1/ 


Man-hours 
Description of operation 2/: 

Hand stack boxes from trailer to belt conveyor. Boxes 

lifted from position on trailer to belt conveyor. 1S 
Hand stack boxes 3 to 6 high on trailer bed for hand 

truckers. oof 
Hand stack boxes 6 high on pallets placed beside trailer 

on apron, Worker stacks most of the boxes on each 

pallet while standing on the ground. Boxes in the 

middle of the trailer are swung to the partially 

loaded pallets by the worker standing on the trailer 

bed. 3/ 1.49 


Hand stack boxes to pallets when load is partially 
palletized. Usually about half of the boxes on the 
trailer are resting on pallets which are staggered 
on the trailer bed. The remainder of boxes are 


See footnotes at end of tabulation, Continued — 
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Labor reouired 1 


Man-hours 


stacked on the pallet at the receiving area. (Fork 

truck may remove the partially loaded pallets and 

place them beside the trailer for more convenient 

stacking by worker.) 3/ 0.84 


Hane stack boxes from a road truck to a belt con- 
veyor. Boxes lifted from position on the truck 
bed to belt or roller conveyor. 


One=man crew. 1.09 
Two-man crew. 4/ 1.28 


Hand stack boxes from a road truck to a pallet reste 

ing on the platform, The stacker gets pallet and 

places it near the end of the truck bed. Each box 

handled individually and placed on pallet. As room 

is made on the truck bed, pallets are placed near the 

end of the truck bed. 3/ 2eL> 


1/ labor shown is for one worker unless otherwise noted; however, 
the man-hours per 1,000 boxes for a larger crew would be the same as 
for one worker if the crew members worked independently and did not 
interfere with one another, 

2/ Hand stacking begins when worker starts to move first box and 
ends when last box has been released. 

3/ Hither 36-or 48-box pallet loads. 

L/ Greater time for a 2-man crew is due to interference at point 
where boxes are placed on the belt, 


Comparative labor requirements for a warehouse crew 
to stack 1,000 unpacked or packed boxes of apples on to and off of a 
belt or roller conveyor at apple packing and storage plants 


Labor reouired 1/ 


Man-hours 
Description of operation 2/: 
Lift boxes of unpacked fruit from their position 
in stack and place on conveyor. 3/ 
Stack beside conveyor in single row. 0.90 


See footnotes at end of tabulation Continued — 
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Labor required 1/ 


Man-hours 
Stack beside conveyor in double row. 110 
Lift boxes of unpacked fruit from their position 
on pallet and place on conveyor, 
Stack beside conveyor on pallet. 4.30 
Lift boxes and cartons of packed fruit from their 
position in nearby stack and place on conveyor. 
Stack beside conveyor in single row. 94 
Stack beside conveyor in double row. LAO), 
Lift boxes of unpacked fruit from conveyor and 
place in stacks near conveyor. 5/ 
Stack beside conveyor in single row. a Let he: 
Stack beside conveyor in double row. ula a 
Lift boxes of packed fruit from conveyor and 
place in proper stack (segregation). 6/ 
Segregating into 3 or 4 stacks. 1.56 
Segregating into 5 to 8 stacks. deg 
Segregating into 9 or more stacks. 2.19 
Segregating into 4 or 5 pallets aoa 


1/ Times recorded are for one worker unless otherwise noted; however, 
the labor per 1,000 toxes for a larger crew would be the same as for one 
worker if the crew members worked independently and did not unavoidably 
interfere with one another. 

2/ The operations begin when the worker starts to reach for the first 
box, consists of stacking boxes on (or off) the conveyor, and ends when the 
worker releases the last box. 

3/ Time for stacking boxes on conveyor from stacks, two rows wide, 
along the conveyor is greater than time for stacking from a single row 
because the worker must swing the boxes a greater distance. 

L/ Boxes on pallets placed alongside the conveyor, with sides of 
boxes parallel to conveyor and rows four deep. Does not include time to 
handle pallets of 0.09 man-hour per 1,000 boxes for 36-tox pallet and 


C.07 man-hour per 1,000 boxes for 48=box pallet. 
Continued = 
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&/ Time for building two rows of stacks along the conveyor is 
greater than time for building a single row, because worker must swing 
boxes a greater distance and this makes placement more difficult. 

6/ The segregation area is only position where packed boxes are 
stacked off conveyor except in carloading. Stacking off when segregating 
consists of noticing the size marked on the box and placing in the proper 
stack. A great many conditions can alter the time required to segregate, 
and the times presented here are general averages. The times are 
separated according to the number of stacks to which the worker must 
carry boxes. 


Comparative labor requirements per 1,000 unpacked boxes to high=-pile 


and break out high=piled boxes by use of manual method in 
apple packing and storage plants 


Labor required 


Man-hours 
Description of operation 
High-piling boxes: 1/ 
Two workers piling boxes from 6 high to 10 high 4.10 
Two workers piling boxes from 6 high to 12 high 4.54 
Breaking out high-piled boxes: 2/ 
Two workers breaking out boxes from 10 high to 
6 high (Top worker stands on bench) 3/ 3.65 
Two workers breaking out boxes from 12 high to 
6 high 4.03 
One worker breaking out boxes from 9 high to 
6 high 2.50 
Two workers breaking out boxes from 10 high to 
4, high using a roller conveyor 4/ 1.85 


1/ Work performed by a 2-man warehouse crew in stacking boxes 
above the sixth tier by hand. The top worker stands on top of the 
6-high stacks and positions the boxes, while the bottom worker stands 
on the floor and lifts the boxes to the top worker. 

2/ Work performed by a 2=-man warehouse crew in breaking out the 
stacks of boxes by hand. The top worker stands on the 6—high stacks 
and lifts down the boxes above the 6-high stacks to the bottom worker 
who builds stacks on the floor. 

3/ At warehouse where boxes are high-piled to 10 high or less, 
the top worker sometimes stands on a bench while the bottom worker 
stands on the floor. 

Continued — 
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4/ The roller conveyor is placed upon the 4-high stacks between the 
belt conveyor and the top worker. A slight slope of the conveyor allows 
the boxes to roll down to the bottom worker. The bottom worker merely 
swings the boxes from the roller conveyor onto the moving belt conveyor. 


Table 161.—Comparative labor requirements to high-pile and break out high-piled boxes to and -from various stacking heights by manual methods 
in apple packing and storage houses 


aaeeces = 10th gh 7 Lepieh stacks 
Labor pe 
Workers Labor per 1333 tohen, rElapsed, Labor per: ee Ele ed; Labo ser 
bones: ins r ake 2155 {ceaekd :Flapeed, Labor per 2500 boxes: :Hlapsed 
pee: handled : 21,000 boxe 8. “:1,000 boxe ; time ;1,000 boxes: handled 
Number 2 Manchours Man-hours Hours : Man-hours ag aE 3 eee Timanchanee Hours : Man-hours ah os 


dénhigh § cks 


High-piling: 1/ 
2 :  be92 
4 > 492 
Breaking out boxes: 1/ + 
2 :  bye20 1.10 110: 4.38 1.75 
4 : 4.20 1. ° . 


1/ These times include the fatigue allowance noted in tabulation on page 


Table 162,—Comparative labor requirements per operation to high-pile 
and break out high-piled stacks of boxes of apples by use of 
one=- and two-stack portable mechanical lifts 1/ 


ll-high stacks : l2-high stacks 
Operation 1 stack— : 2 stacks=-; 1 stack: 2 stacks 


5 boxes 10 boxes 3: 6 boxes 3 12 boxes 


: Man=-minutes Maneminutess Maneminutes Maneminutes 

High-piling : : 
Pick up > 0.047 Orso. -is* Waron7 0.130 
Elevate g .159 330 : 191 396 
Release : - 230 464 $ 2230 e464 
Lower : eieL 4145 $ 4352 174 
Total :___0,563 1,069: 0,620 1,164 

Breaking out :; : 
Elevate Jou 0.185 +: 0.173 0,222 
Pick up 2 4205 2272 nt oh 205 272 
Lower : 065 Hoyal : O78 085 
Release : 2-048 042 $ O48 O42 
Total ¢ 0.462 0.570 : 0.504 0.621 


1/ Portable mechanical lifts are available in capacities of one 
stack and two stacks. One worker using a one= or two-stack portable 
mechanical lift can high=-pile or break out boxes of apples. 
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Table 16%—~Comparative labor requirements to high-pile and break out high-piled boxes to and from various stacking heights by use of a portable 
mechanical lift in apple packing and storage houses / 
a 
: Q-high stacks 3 10-high stacks A li-high stacks H 12-high stacks 
3 :Labo 3 : : : 3 : Labo: Tr: : : Labo : 
ar eral ; Labor per 2333 tones, Elapsed: Labor per TO bones Elapsed: Labor per 31.55 bonne: Elapsed; Labor per aD tae Elapsed 
:1,000 boxes: ; time (1,000 boxes * time ,1,000 boxes, 2 . time 1,000 boxes. : time 


: Man-hours Man-hours Hours : Man-hours Man-hours Hours : Man-hours Man-hours Hours : Man-hours Man-hours Hours 


High-pilin 

One stack : 3072 1.24 Ve2ke 3 2e57 1.03 1,03 : 2.07 0.94 0.94 : 1.89 0.94 0.94 
Two stack 3.21 1.07 1.07 =: 2.44 98 98 +: 1.96 289 89 : 1.78 089 289 

Breaking out : : : 

; : : : z 
One stack : 3.37 1.12 Dede 4; 2eL2 285 085 2: 1.69 77 ofl 3. Ledh TT o77 
Two stack 2 2047 282 a52 2 61631 52 52 : 1.04 AT AT: -B oh7 oh7 

: : 3 Hi 


oY These times include fatigue allowance, See page 2670f the Appendix. 
2/ Labor required for the number of boxes involved in handling 1,000 boxes into and out of storage. 


WAIT TIME IN 
MAN-HOURS 


20 


O 20 40 60 80 100 120 140 
DISTANCE IN FEET 


Figure 133.--Additional wait time required per 1,000 boxes because of crew interference 
when moving boxes in 6-high stacks various distances by use of clamp-type 2-wheel hand 


trucks and three different crew sizes at apple packing and storage plants. (Note: There 
was no definite difference in wait time of 3 and 4-man crevs. ) 
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Comparative labor reouirements per 1,000 packed boxes for performing 

certain operations in moving boxes of apples out of storage by use of 
different types and combinations of types of materials-handling 
equipment, and loading refrigerated railroad cars and refrigerated 
highway trucks at apple packing and storage plants 1/ 


Labor required 


Man-hours 
Description of operation: i‘ 
Hand stack boxes of apples in refrigerated railroad 
car 2/: 
Hand stack boxes from stacks placed by 2=wheel 
hand truck in railroad car. 143 
Push 5=high stacks backward and sideways into 
position with hand box jack. 3/ 1.06 
Hand stack boxes from telt conveyor to railroad 
car. 1.19 
Transfer boxes from belt conveyor to roller con=- 
veyocr in the doorway of the car, 1.04 
Hand stack boxes from pallets to railroad car 
floor. Poot 
Hand stack boxes of apples in refrigerated highway 
truck 2/: 
Hand stack boxes from telt conveyor to highway 
truck. 1,25 
Hand stack boxes from pallets to highway truck. ie ouk 
Strip stacked boxes of apples in refrigerated 
railroad car 4/: 
Nail lath to end, 4th, and oth tiers of boxes in 
railroad car, Four pieces of lath needed on 2nd 
and Ath tiers, and 2 pieces on 6th tier. -90 
Nail lath to 3rd and 6th tiers of boxes in railroad 
car. Four pieces of lath needed on 3rd tier and 
2 pieces on 6th tier. sol 


See footnotes at end of tabulation Continued — 
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Labor required 
Man-hours 


Move pallet dolly and handle empty pallets in re- 
frigerated railroad car 5/: 


Push loaded dolly to position for stacking in 
railroad car. Remove empty pallet, place pallet 
beside carrier and return dolly to doorway. 


30—box 0.42 
40-box 20 


Move pallet dolly and handle ,empty pallets in 
highway truck 5/: 


Push loaded dolly in position for stacking in 
highway truck. Remove empty pallet, place 
pallets beside carrier and return dolly to 
doorway. 


30=box e 49 
40—box one 


Fill in doorway of railroad car with brace or 
boxes 6/: 


Build 2 x 4 inch brace in doorway of car. Nail 

two 2 x 4 inch gates together and place against 

boxes in car doorway. Hand jack gates apart to 

remove slack and nail 2 by 4 inch braces between 

gates, Pei} 


Stack 70 boxes in doorway of car. Take up slack 
in car, stack boxes and place dunnage to make 
load tight. 250 


Two-wheel hand truck releases unit load inside re= 
frigerated railroad car or highway truck 7/: 


Two=wheel hand truck operator releases 6=high 
stacks of boxes in front of carloader. 55,2) 


Two-wreel hand truck operator releases 5ehigh 


stacks of boxes in position for worker to 
hand jack stacks. Pic: 
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Labor required 
Manehours 
Fork-lift truck releases unit load inside re= 
frigerated railroad car 8/: 


Fork-lift truck operator releases unit load on 
dolly. Fork-lift truck is on ground level. 
Double release needed to place pallet in 
position. 


30-box pallet O-16 
40=box pallet el5 


Fork-lift truck operator releases unit load on 
roller conveyor that extends out car door about 
3 feet. Fork-lift truck is on about the same 
level as the railroad car floor rack. 


30-box pallet ,OL 
40=box pallet -06 


Manifest refrigerated railroad car or highway 
truck load 9/: 


Manifest load by counting and tallying every 
box in load. 045 


Manifest load by counting and tallying stacks 
of unit loads. 10 


Set up preparatory to loading a refrigerated 
railroad cars 


Set up railroad car for 2-wheel hand trucks. 
Open car door, place bridgeplate and get hand 
trucks. ~O4 


Set up railroad car for belt conveyor. Open 
car door and place roller conveyor extensions. a16 


Set up railroad car for forklift truck and 
pallets. Open car door and place roller dolly 
in “car, 18 


Clean up preparatory to shipping a refrigerated 
railroad car: 


See footnotes at end of tabulation Continued = 
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Labor required 
Man-hours 


Clean up railroad car when loaded by 2=wheel 
hand trucks, Remove bridgeplate, shut door 
and return hand trucks, 0.03 


Clean up railroad car when loaded by belt con- 
veyor. Remove roller conveyor and shut door 
of car. 205 


Clean up railroad car when loaded by fork-lift 
truck and pallet dolly. Remove pallet dolly 
and shut car door. 07 


1/ Only those comparative times are included in this tabulation 
that reflect a different condition due to carloading (i. e., hand truck 
release is included, but pick up and transport are on later tabulations). 

2/ Stacking boxes from either a belt conveyor, a pallet, or a stack 
of boxes placed by hand trucks, Begins wnen the carloader reaches for 
the box. Includes transferring the box and stacking the box for transit. 
Ends when the worker reaches for another box. 

3/ Work done by worker hand jacking 5-high stacks of boxes into 
position for transit. Begins when the hand truck operator releases 
load in position. Includes jacking the boxes backward and sideways into 
position, Ends when the stack of boxes is in position. 

Work done in placing lath across the top of the boxes begins 
when the carloader goes for lath, nails, and hammer. Includes nailing 
4 pieces of lath on the designated tiers, 3 or 4 nails to a lath. knds 
when the worker returns the hammer to the center of the car. 

5/ Work done by carloaders in handling pallets loaded and empty 
inside the car or highway truck, Begins wnen carloader pushes dolly 
under pallet load. Includes steadying the load while the fork-lift 
truck releases on the dolly, pushing the dolly to the stacking point, 
removing the empty pallets and pushing the dolly to the doorway of the 
car or highway truck, Ends when the empty dolly is near the center of 
the car or at the end of the highway truck. 

6/ Work done by carloading crew in filling the center of the car 
with a brace or packed boxes. Begins wnen the regular stacking is done. 
Includes building a brace in the doorway, or squeezing back the load and 
stacking boxes in the doorway. Ends when the clean up operation begins. 

7/ Work done by hand truck operator in releasing boxes inside 
railroad car. Begins when the hand trucks pass doorway of the car 
going into the car, Includes all of transportation, maneuvering, and 
releasing inside the railroad car. Ends when the hand truck passes the 
doorway of the car going out of the car. 
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8/ Work done by fork-lift truck operator in releasing unit load 
on dolly. Begins when the fork-lift truck operator moves the unit load 
past the doorway of the car. Includes releasing the unit load on the 
floor of the car, moving the fork-lift truck back about 1 foot, picking 
up the load, moving forward, and releasing unit load on dolly. Ends 
when the fork-lift truck has completely withdrawn the forks. 

9/ Work done by worker counting and tallying the carload of apples 
by size, grade, and variety. Begins when the workers reach for the 
tally sheets. Includes counting the boxes by size, grade, and variety. 
Ends when all the boxes in the carload have been tallied. 


Comparative labor requirements per 1,000 boxes to perform various operations by use of clamp-type 2-wheel hand trucks at apple packing and storage plants 


Pick up stack with clamp-type 2-wheel hand truck 1/ Transport load to stacking point and return 2/ Release stack with type 2-wheel hand truck at 
storage points 
Labor required Labor required 4/ Labor required 
high 5-high high d-high 6-high 5=high 
stacks stacks Distance stacks stacks stacks stacks 
Man—hours Man-hours Feet Man-hours Man-hours Man-hours Man-hours 
Pick up stack of boxes in crowded 10 0,28 0.34 Release stack of boxes in crowded 
area where surrounding stacks of boxes 1b 37 hk area where surrounding stacks of 
make maneuvering necessary, or 20 oh5 25k boxes mike maneuvering necessary, 
where there is not adequate space 25 «5k 65 e. g-, stacks placed in storage 
between stacks for clamps to enter 30 262 +75 position, 0.35 0.42 
conveniently, e. ge, in a storage 40 +80 95 
room or on a road truck bed. 0.39 0.47 50 7 1.16 Release stack of boxes in relatively 
60 1u 1.36 crowded area, e. g., in an elevator 
Pick up stack of boxes in relatively 710 1.31 1.57 or on a road truck bed. 229 035 
crowded area where boxes were 80 1.48 1.77 
originally placed in position by +) 1.65 1.98 Release stack of boxes in open with 
hand truck or stacked with adequate 100 1.82 2.18 sufficient room for easy maneuver, 
spacing between stacks for clamps 125 2.25 2.70 @. g+, by a belt or roller conveyor, 
to enter, e. g-, on a road truck 150 2.68 3.0 by the washer and dumper, or on a 
bed, by belt, in an elevator or in 175 3.10 3.72 floor chain conveyor, 22h 229 
cold room, +29 035 200 3.53 42h 
225 3.96 4e75 
Pick up stack of boxes in an open 250 4.39 5426 
area with sufficient room for easy 
maneuver, e. g., on floor chain (For additional transportation 
conveyor or at open segregation area, 223 228 distances see footnote 4 below.) 


1/ Werk performed by the clamp-type 2-wheel hand truck operator in picking up a load with the hand truck, Begins when operator starts to position truck for the pick up 
or when the clemps pass the front of the load, and ends when the hand truck begins forward mtion. 
2 Work performed by the clamp-type 2-wheel hand truck in transporting a unit load from the pick up area to the storage point and returning empty. 
Work performed by the clamp-type 2-wheel hand truck operator in releasing a load with hand truck. Begins when forward motion ends or when positioning commences, and 
ends when the hand truck begins forward motion. 
/ Clamp-type 2-wheel hand truck transport time for 6-high stacks: t= 0,017ld + 0,11 
Clamp-type 2~wheel hand truck transport time for 5~high stacks: t = 0,02052d + 0,132 
(Where d = one way distance in feet and t = time in man-hours per 1,000 boxes—includes transport empty and transport loaded.) 
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How_to Use Elemental Data to Build Synthetic Standard 
Time Values for Combinations of Equipment 


Time-study techniques were used which permitted the development of 
standard time values for each of the various materials-handling operations. 
Standard time values for appropriate operations can be regrouped or 
synthesized for a cycle of operations which includes similar operations 
from several other cycles. To illustrate, a standard time for the pickup 
operation by use of a hand truck was established and noted separately 
from the release operation, Standard times for transportation operations 
also were kept separately. Therefore, the total time required to handle 
boxes of apples with hand trucks through a given cycle of operations 
can be calculated regardless of transportation distance, This calcu- 
lation is made by taking the pickup time plus the release time and adding 
to it a standard time for the appropriate transportation distance. 


When one type of equipment is to be combined with another type for 
the purpose of exploring the relative efficiency of the combination, the 
standard time for the group of operations can be built synthetically by 
using the time required of the one type of equipment and adding the times 
of the other type. Thus, if hand trucks are used with fork-lift trucks 
the time requirements for pickup, releasing and transportation with the 
hand truck for a specified distance may be added to the pickup, trans- 
portation, and release time of the industrial fork-lift truck. The time 
values for all operations by use of all types of equipment studied in 
the industry are found in the standard data, pages 267 to 290. 


In combining various types of equipment, an important factor to be 
considered is whether or not the one type of equipment can handle boxes 
in the same elapsed time as another type. The equipment requiring the 
longest elapsed time tends to set the pace for the entire operation. 
Equipment that handles fruit more rapidly when combined with the slower 
equipment stands by idle part of the time. This wait time must be added 
to the elapsed time for performing the operation. 


In a number of instances plant operators using the data will find 
that when various types of equipment are combined the wait time with 
one type of equipment may be rather large. If the wait time is great 
enough (as in a machine paced cycle or operation) it may be possible and 
desirable to arrange the work so the operator of the equipment being paced 
can intermittently perform other work, thus reducing idle time. 


In the course of the studies every practical combination of equipment 
now being used in the industry has been explored and developed in this 
report, making it rarely necessary to show synthetic times for combinations 
of equipment not already covered in the report. For this reason, some of 
the actual combinations of equipment observed and studied will be used as 
examples, illustrating the ways in which labor requirements of various 
operations were combined to arrive at the total labor required to perform 
a specific materials-handling operation. These are developed in the 
tables which follow. 


ay 20a 


Table 164.—-Labor required for a 3=man crew to unload and move 1,000 unpacked boxes of apples into 
storage from a road truck by use of belt conveyors and clamp-type 2-wheel hand trucks V/ 
Total” 


Produc- : Fatigue Wait 


Operation Workers +ive labor:allowance 2/: time : labor 


:Number :Man-hours Man-hours Man-hours Man-hours 
Set up and clean up : 3 : 3/ 0.16 0.0 7/ 0.32 0.48 
Place boxes on belt conveyor (conveyor moves : 3 
boxes 50 feet) ¢ 2 : 4/ 1.09 222 8/47 1.78 
Transfer boxes from belt conveyor to 6-high . H - 
stacks oe t5/p es 23 9 .42 1.78 
Pick up 6-high stacks by use of clamp-type 5 : 
2-wheel hand trucks cra: 2 Of .29 03 0 32. 
Transport 6-high stacks 50 feet by 2=wheel B 3 
hand trucks : 1 : 6/ .97 10 0 1.07 
Release 6-high stacks from 2=wheel hand truck eae | 6/635 204 0 239 
Total man-hours t= 3 3.99 0.62 al cal 5.82 
Elapsed time -- hours : 10/1.94 


1/ In body of report this is table 9, page 45. Labor requirements shown do not include piling 
boxes above 6-high stack. This size crew can receive 13 road truckloads of 288 boxes each per 8=hour 
day. 

Page 267 of Appendix. 

Page 268 of Appendix. 

Page 273 of Appendix. 

Page 274 of Appendix. 

Page 282 of Appendix. 

Page 268 of Appendix. 0.28 of the 0.32 man-hour is set up and clean up for the two men inside 
the warehouse. 0.04 is the time taken for the boxes to reach the stacking off point. (50/80 divided 
by 60 times 1,000/288)--50 feet of belt conveyor traveling at 80 feet a minute divided by 60 gives 
hours and assuming 288 boxes per truckload gives man-hours per 1,000 boxes. 

8/ This is obtained by subtracting (1.09 + 0.22) from 1.78. The 1.78 is the governing time set 
by the hand trucker, 

9/ This is obtained by subtracting (1.13 + 0.23) from 1.78. 

10/ This is obtained by adding (1.78 + 0.16), The 1.78 is the hand trucking time and 0.16 is the 
set up and clean up time, 
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Table 165.--Comparative labor and equipment costs of a common method for unloading from road trucks and 
moving into storage 1,000 unpacked boxes of apples by use of belt conveyors and clamp-type 
2-wheel hand truck when a 3-man crew is employed 1/ 


5 Labor and equipment costs 
ee Elapsed: Labor and equipment reouired F : Tata Wiceeke 
time : Equipment : Wait +: Total ;Equipment: Labor ;Current: Assumed 
: time : time : labor s s wages s wages 


Hours :Machine-hrs.Man-hrs. Man-hrs. Dollars Dollars Dollars Dollars 
One worker places boxes 
on, one worker takes 
boxes off conveyor, 
and one worker hand 

trucks 


86 90 08 o8 eo 08 @6 oe joe oo of oe 
oo 08 90 08 


2/ 1.94: 3/ 6.62. 2/121. 2/ 5.82 2 4/ 1.74 5/ 6.69 6/ 8.23. “7/ 9.69 


joe 08 08 00 08 @6 08 00 joo 20 eo of 


1/ Taken from table 13, page 48 in body of report. In hand trucking operation, boxes of fruit are 
handled in 6—high stacks. Costs shown do not include piling boxes above 6—high stacks, Transportation 
distance 100 feet, 50 feet by use of belt conveyor and 50 feet by use of hand truck. 

2/ Taken from table 9. 

3/ Clamp-type 2-wheel hand truck, 100-foot belt conveyor and 15-foot roller conveyor 1.94 machine 
hours each, total 5.82 machine-hours. 

4/ The machine-hours are multiplied by the machine costs as found in table 2, 

5/ The“current’ wage rate of $1.15 per hour times the man-hours of labor. 

6/ Equipment cost plus the labor cost at current wage rates of $1.15 per hour. 

7/ Equipment cost plus the labor costs at a wage rate of $1.40 per hour. 


Pee ee 


Table 166.—Labor required for a 3-man crew to unload and move 1,000 unpacked boxes of apples into 
storage from a road truck by use of a single elevator and clamp-type 2-wheel hand trucks 
when fruit is moved directly to elevator to storage 1/ 


SEE ee eeeeees“TeasSSSCt:té“<t«é‘s 


we lee oe 


10/7 1.57 


Elapsed time—hours 


; :Productive: Fatigue : Walt +: Total 
Wes casas labor __:allowance 2/: time +: labor 
Number :Man-hours Man-hours Man-hours Man-hours_ 

Set up and clean up Hees 23/ 0.12 0.0 4/ 0.06 0.18 
Pick up 6-high stacks off the road truck bed by : 2 

2-wheel hand truck Fy WE! 25/39 204 ie) 053 
Transport 6-high stacks 30 feet to elevator by : H 

2-wheel hand truck 5. 2 25f 62 06 Gf .27 +95 
Release 6-high stacks on elevator by 2-wheel t 2 

hand truck £3 Uf 29 +03 0 232 

Elevator cycle ao 28/  .20 .0 oY .40 .60 
Pick up 6-high stacks off the elevator by 3 3 

2-wheel hand truck 2-37 -st/ “29 03 20 232 
Transport 6-high stacks 70 feet from elevator ; : 

to storage point by 2-wheel hand truck : 3 25/ 1.31 213 6/07 1.51 
Release 6—high stacks at storage point by. 3 A 

2-wheel hand truck 223) 25/ .35 O04 .0 039 

Total man-hours : 3.57 0.33 0.80 4.70 


a 
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1/ In body of report this is table 28, page 68, Elevator load is 168 boxes, Labor fequirements 
shown do not include piling boxes above 6-high stacks, Transportation distance standardized at 
100 feet does not include vertical transportation distance of the elevator cycle. 

2/ Page 267 of the Appendix. 

3/ Pages 267 and 268 of the Appendix. 

Z/ The elapsed time for the set up is 0.06 because the productive time for the work is 0.12 and 
only two can perform the work at the same time, Therefore, one man stands by while the other two men 
work. 

5/ Page 282 of the Appendix. 

6/ Page 277 of the Appendix (fig. 133). 

7/ Page 290 of the Appendix. 

8/ This is the amount of time required for an operator to move the elevator from one floor to 
another and return. It is determined by the following: (1,000/162 x 14/267 x 1/60 x 2) + 
(0.017/162 x 1,000) = 0.20, 162 boxes per load, 14 is the footage between floors, 26.7 is the feet 
per minute travel of the elevator, 60 is used to convert time to hours, 2 is used because the elevator 
has to go up and down, 0.017 is time given to open and close the elevator doors per elevator trip. 

9/ Two workers wait 0.20 hours during the elevator cycle. 

10/ This is the total labor in man-hours divided by 3. 


Table 167.—Comparative labor and equipment costs for unloading from road trucks and moving into 
storage 1,000 unpacked boxes of apples by use of one elevator and clamp-type 2-wheel 
hand trucks into storage from road trucks 1/ 


2 3 : Labor and eguipment costs 
Method sWorks Elapsed dae MN ao she ae : : Total cost 
3: ers: time Equipment Wait +: Total Equipment: Labor : Current:Assumed 


00 08 06 08 09 of 0% 06 00 00 ee es fee of oe oe 


time 3_time_: labor gz. wages: wages 
Machine-hrs,:Manehrs. Man-hrs.: Doilars Dollars Dollars Dollars 


‘Ss 


Hours 


One elevator 


Three men hand 
truck stacks 
from road truck 
onto elevator. 
Elevator taken 
to off-loading 
floor where the 
3 men hand 
truck stacks to 
storage 
position 


00 Ge ee @8 oe 9 of of of of oe 


Ww 


2 08 60 00 ae oF 0p 06 08 08 OF a6 of oo of oe 


joo ae oe oe 


Y 6.28 —2/ 0.80 2/ 4.70 24/ 5.15 5/ 5.41 6/ 10.56 Y/ 11.73 


1/ Taken from table 32, page 73 in body of report. Boxes of fruit are handled in unit loads 
consisting of 6-high stacks, Costs shown do not include piling boxes above 6-high stacks. Hori- 
zontal distance standardized at 100 feet; vertical distance not included. 

2/ Taken from table 28, 

3/ Equipment time is made up of 3 x 1.57 for the clemp-type 2-wheel hand trucks and 1.57 for 
the 8,000-pound capacity elevator. 

The machine hours are multiplied by the machine cost shown in table 2. 
The "current" wage rate of $1.15 per hour times the man-hours of labor. 
Equipment cost plus the labor cost at current wage rate of $1.15 per hour. 
Equipment cost plus the labor cost at a wage rate of $1.40 per hour. 
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Table 168.—Labor required for a 2=man crew to unload and move 1,000 unpacked boxes of apples into 
storage from orchard trailer by use of pallets and fork-lift truck when boxes are received 


unpalletized 1/ 
A : : Fatigue: Wait <: 
‘ * Productive: a : ° Total 
Operation p Workers iahor cneaey es? time = labor 
s Number:Man-hours Man-hours Man-hours Man-hours 
Set up and clean up ae 24/ 0.24 0.0 0.0 0.24 
Transfer boxes from orchard trailer to 48=box : 3 
pallets : 1 25/ 1.49 30 0 1.79 
Pick up a 48=box pallet load by a fork truck : 1 26/ .05 0 0 205 
Transport pallet load 100 feet by a fork-lift : $ 
truck : 1 26/  .29 02 0 531: 
Release pallet load in cold storage room : : 
(average lst, 2nd, and 3rd tier--18=boxes $ 3 
high) ea 26/ 09 Ae) 30 209 
Total man-hours : : 2.16 0.32 0.0 2.48 


Elapsed time-—hours : 7 2,03 


1/ In body of report this is table 51, page 105. 
2/ Page 267 of the Appendix. 
Some wait time may occur for the fork-lift truck operator during the receiving cycle of 
operations. 
Page 271 of the Appendix. 
5/ Page 272 of the Appendix. 
6/ Page 287 of the Appendix. 
7/ The elapsed time is labor of the worker hand stacking the boxes from the trailer bed to 
pallets including set up and clean up. 


Table 169.—Comparative labor and equipment costs of unloading and moving 1,000 unpacked boxes of 
apples into storage from orchard trailers by use of pallets and fork-lift trucks when 
boxes are being received unpalletized 1/ 


Labor and equipment costs required 
:__Total cost 


Equipment: Labor :Current:Assumed 
¢ wages s wages 
Dollars Dollars Dollars Dollars 


Labor and equipment required 


Equipment Wait : Total 
time time : labor 
Hours :Machine-hrs. Man-hrs, Man-hrs. 


Method 


Elapsed: 
time : 


e 
e 
e r 
2 


Orchard trailer 


One man stacks boxes 
on pallets, 1 fork- 
lift truck operator 
transports and 
stacks unit loads 


20 08 00 00 @0 oo of joe eo of 00 


90 00 ef 00 of 00 


2/ 2.03: 3/090 2/0.0 2/ 2.4824/1.94 5/ 2.93 6/ 4087 2/ 5.49 


© 00 00 09 of 06 09 of 00 00 joo 09 ve of 


1/ Taken from table 54, page 109 in body of report. The handling is done in 48=box pallet 
loads which are tiered 3 pallets, or 18-boxes high. 
2/ Taken from table 51. 
Equipment time is made up of 0.45 hours for 20.8 pallets (48=box), 0.45 hours for 4,000-pound 
capacity electric fork-lift truck, 
The machine hours are multiplied by the machine costs as found in table 2. 
The "current" wage rate of $1.15 per hour unskilled labor and $1.30 per hour skilled labor 
(fork-lift truck operator) times the labor hours required. 
6/ Equipment cost plus the labor costs at current wage rates of $1.15 per hour and $1.30 per 
hour, 
7/ Equipment cost plus the labor costs at wage rates of $1.40 and $1.55 per hour. 


Table 170.--Labor required for a 3-man crew to move 1,000 unpacked boxes of apples from storage 
to the packing line by use of clamp-type 2-wheel hand trucks and belt conveyor af 


:Productive: Fatigue : Wait : Total 


Semmens Nr ree eS ee eee ee 
Operation Workers “labor _sallowance 2 time: labor 


Total man-hours 


:Number :Man-hours Man-hours Man-hours Man-hours 

Pick up 6-high stacks at storage position by ; : 

hand truck pe 9235/0529 0.03 0.0 0.32 
Transport stacks 35 feet to tumporary bank : 2 33/ TL 307 if 10 88 
Release stacks at bank 2° i 23/229 03 0 aoe 
Pick up 6-high stacks from bank by hand $ 3 

truck : 1 23/  .29 03 0 032 
Transport stack 15 feet to belt : 1 33/ .37 204 a6) Al 
Release stack at belt conveyor $1. 83/7 - 24 02 <0 eG 
Place boxes from single row stack on belt : 3 

conveyor : 1 25/  .90 18 6/ 1.26 miak 


In body of report this is table 80, page 

Page 267 in the Appendix. 

Page 282 in the Appendix. 

Page 277 in the Appendix (fig. 133). 

Page 273 in the Appendix. 

This figure is obtained by adding the time for the worker to hand truck stacks from the 
bank to the belt (0.32 + 0.41 + 0.26) plus the time to place the boxes on the belt conveyor (1.08) 
and subtracting this amount from the number of hours required to supply 1,000 boxes to a line 
dumping at assumed rate of 300 boxes per hour (3.33 man-hours per 1,000 boxes). 


BOA ek 


Table 171,.~-Comparative labor and equipment costs of one specified method of moving 1,000 unpackeu 
boxes of apples from storage to the packing line by use of clamp-type 2-wheel hand trucks 
and belt conveyors 1/ 


?Labor and equipment required * Labor and equipment costs 
: Total cost 


Labor :Current:Assumed 
3 wages 3 wages 
Dollars Dollars Dollars Dollars 


Method 


Equipment : Wait : Total : Equipment 
time 3. time lator 


Machine=hrs. Man-hrs. Man-hrs. 


Two hand truckers move stacks 
35 feet from storage to build 
up a day's supply in bank near 
the belt, then move to another 
job, 1 worker places boxes 
on belt to dumper and hand 
trucks stacks 15 feet to belt. 


89 22 08 90 00 06 of foo op oo 


2/ 8.18 3/ 1.36 3/ 4.852 4/3.98 5/ 5.58 6/ 9.56 7/ 10.77 


oo 08 09 co co 00 oo of 00 eo Joo oo He 


joe 08 oe 


1/ Taken from table 82, page 148 in body of report. Costs do not include breaking out boxes 
above 6-high stacks in storage room, 

2/ Equipment time is made up of 3.33 machine-hours for the 140-foot belt conveyor and 4.85 machine- 
hours for clamp=-type 2=wheel hand trucks. 

Taken from table 80. 

L4/ Wachine hours are miltiplied by equipment costs shown in table 2. 

5/ The "current" wage rate of $1.15 per hour times man-hours of labor. 

6/ Equipment cost plus labor cost at current wage rate of $1.15 per hour. 

7/ Equipment cost plus labor cost at a wage rate of $1.40 per hour. 
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Table 172,—-Labor required for a 3-man crew to move 1,000 packed boxes of apples from the packing 
line to storage and pile 10-boxes high by use of clamp-type 2-wheel hand trucks, belt 
conveyor, and gravity roller conveyor 1/ 


Productive: Fatigue : Wait 


One worker segregates boxes at roller conveyor: 


Total man-hours 


5.55 1.02 7.71  10/14.28 


and builds 6-high stacks : 1 23/ 2.19 OsZ2 4/ 2.13 5/ 4.76 
Pick up 6-high stacks of boxes in segregation : : : 

area by 2-wheel hand truck 72 26/  .23 .02 di een 5.76 
Transport 60 feet by 2-wheel hand truck 2 2 26/ 1.14 Aula 8/ .07 1.32 
Release stacks in storage with 2-wheel hand : : 

truck : 2 26/ «35 O04 0 239 
Manually high-pile boxes in 10-high stacks sae 29/ 1.64 eAl 0 2.05 


1/ In body of report, this is table 115, page 206, 

2/ Page 267 of the Appendix, 

3/ Page 274 of the Appendix. 

This figure is obtained by subtracting the productive labor to segregate plus the fatigue 
allowance from the total hours per 1,000 boxes (4.76 = 1,000/210) required for packed boxes to come 
from the packing line at an assumed rate of 210 per hour. 4.76 minus (0.44 + 2.19). 

Assuming a shrinkage factor of 70 percent and a dumping rate of 300 boxes per hour the 
number of packed boxes per hour is 210. (1,000 divided by 210 gives 4.76.) 

6/ Page 282 of the Appendix. 

7/ This figure is obtained by adding the productive labor, wait time, and the fatigue allowance 
of the two workers who hand truck and high-pile the packed boxes and subtracting this total from two 
times the number of hours per 1,000 boxes required for packed boxes to come from the packing line at 
an assumed rate of 210 per hour. 

8/ Page 277 of the Appendix (fig. 133). 

9/ Page 276 of the Appendix. 

10/ Total man-hours is (3 x 4.76 =) 14.28. 


Table 173.—-Comparative labor and equipment costs for moving 1,000 packed boxes of apples from the 
packing line to storage by use of belt conveyor, clamp-type 2-wheel hand trucks, and 
gravity conveyor section 1/ 


Labor and equipment costs 
:__Total cost _ 
: Labor :;:Current:Assumed 
: 2: wages : wages 
Dollars Dollars Dollars Dollars 


Labor and equipment required 


Method 


Equipment : : 
time : time : labor 
Machine-hrs. Man-hrs. Man-hrs. 


Equipment 


Three-man crew-=-1 worker 
segregates, 2 workers hand 
truck 60 feet and manually 
high-pile 10 boxes high :2/ 19.04 3/ 7.71 3/ 14.28 


06 66 08 @8 0 joe 08 99 oe 


9 08 6 08 of 08 08 Joe 06 of of 


Lf he37 ~ 5/ 16.22" 6/ 20.79: 7/ 21,.36 


1/ Taken from table 117, page 208, in body of report. 

2/ Equipment time is made up of 4.76 machine-hours for the 100-foot belt conveyor plus 2 x 4.76 
machine-hours for the clamp-type 2-wheel hand trucks, plus 4.76 machine-hours for the 15-foot gravity 
roller conveyor. 

Taken from table 115. 

4/ The machine-hours are multiplied by equipment cost as shown in table 2. 

5/ The "current" wage rate of $1.15 per hour times the labor hours required. 

6/ Equipment cost plus labor cost at current wage rate of $1.15 per hour. 

7/ Equipment cost plus labor cost at wage rate of $1.40 per hour, 
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Table 174.—Labor required for a 6-man crew to move 1,000 packed boxes of apples out of storage and load a railroad car by use of clamp-type 
2-wheel hand trucks, belt conveyor, and gravity roller conveyor when the load is braced and stripped a) 


: Number : Man-hours Man-hours Man-ho urs Man-hours 

Set up and clean up : 6 : 3/0421: 0.0 L/ 0.37 0.58 
Pick up 6-high stacks in storage by 2-wheel hand truck : 2 ‘ 5/ 029 203 20 woe 
Transport 50 feet to belt conveyor : 2 : 5/97 10 6/08 1.15 
Release 6-high stacks beside belt conveyor in double rows : 2 : of 229 203 20. 32 
Place boxes on belt conveyor : 1 PG/. 1505: 21 8/ .17 1.43 
Transfer boxes from belt conveyor to gravity roller conveyor : a oY 1.04 10 10/ .29 1.43 
Stack boxes in the railroad car : i : gx 1.19 2 0 1.43 
Strip every second tier of boxes stacked in the railroad car : 1 ‘ xy «90 009 L/ .44 1.43 
Brace doorway of railroad car : 1 : 12/ .83 208 20 91 

Total man-hours : ; 6.77 0.88 1.35 9200 

Elapsed time—hours 4 : 13/ 20hh 


1/ In body of report, this is table 135. 

2/ Page 267 of the Appendix. 

Pages 280 and 281 of the Appendix. 

L/ During the clean up time of 0.16, which is done by 2 workers in an elapsed time of 0.08, 4 workers wait giving a wait time of 0,32 man- 
hour,, During the clean up of 0,05 2 hand truckers are assumed to have left and the clean up is done by 2 workers in an elapsed time of 0.025. 
Therefore, 2 workers wait for a total of 0.05 man-hour, adding time 0.05 and the 0.32 gives a total of 0.37 man-hour wait time. 

Page 282 of the Appendix. 

6/ Page 277 of the Appendix (fig. 133). 

7/ Page 274 of the Appendix. 

8/ This is obtained by subtracting the productive labor (1.05) + the fatigue allowance (0.21) from the total labor required to stack boxes 
in the railroad car (1.43). 

Page 278 of the Appendix. 

10/ This is obtained by subtracting the productive labor (1,04) + the fatigue allowance (0.10) from the total labor required to stack boxes 
in the railroad car (1.43). 

l1/ This is obtained by subtracting the productive labor (0.90) + the fatigue allowance (0.09) from the total labor required to stack boxes 
in the railroad car (1.43). 

12/ Page 279 of the Appendix, 

Ww This is obtained by adding the elapsed time for the set up and clean up (0.10) + the total labor required to stack boxes in the railroad 
car (1.43) + the total labor required to brace the doorway of the railroad car (0.91). 


Table 175.—-Comparative labor and equipment costs for moving 1,000 packed boxes of apples out of 
storage and loading a railroad car by use of clamp-type 2-wheel hand trucks, belt 
conveyor, and roller conveyor when the load is braced and stripped 1/ 


Labor and equipment costs 
3: Total cost 


Labor :Current; Assumed 
$ wages : wages 
Dollars Dollars Dollars Dollars 


Elapsed: 
time 


Labor and equipment required 


Method 


Equipment : Wait =: Equipment 
time s time: labor 


Machine-hrs, Man=-hrs. Man-hrs, 


Hours 


Two workers hand truck 
50 feet to belt con- 
veyor, 1 worker 
places on, 1 worker 
transfers boxes from 
and 1 worker stacks 
boxes off the belt 
conveyor, 1 worker 
strips load and braces 


doorway 2/ 2.442 3/ 4.65 2/ 1.35 2/9100 ¢:2f 1.29 5/.10,35.6/ 11.64 -7/'13.59 


Joo 80 08 08 00 08 06 0@ 00 of of 08 08 joo eo of of 
lee 00 88 co oo 09 00 09 6 08 00 00 c@ Joo oo 00 06 


joo 88 00 OF 08 00 08 of 98 9@ 08 0 e8 foo oo 


1/ Taken from table 137, page 235 in body of report. 
2/ Taken from table 135. 

Equipment time is made up of 1.43 machine-hours for the 100-foot belt conveyor, 1.43 machine- 
hours for the 15-foot gravity roller conveyor and 1.79 machine-hours for the clamp-type 2=wheel hand 
trucks. 

Machine hours multiplied by equipment costs as shown in table 2. 

The "current" wage rate $1.15 an hour times the labor hours required. 
Equipment cost plus the labor cost at current wage rate of $1.15 an hour, 
Equipment cost plus labor cost at a wage rate of $1.40 an hour. 


SSS 


- 298 - 


Comparisons of Labor Required to 
Handle Packed Cartons and Packed Standard Boxes 


Time studies show that the labor required to handle cartons of 
apples does not differ greatly from that required to handle standard 
boxes. By comparing the various handling operations, it is possible to 
show that the differences are not statistically significant. Comparisons 
of the labor required to pick up, transport, and release loads are pre= 
sented in table 176. 


For each of the three operations involved in handling cartons, all 
the elements are identical to the operations in handling standard boxes. 
Because of this there are no great differences in the labor required to 
handle cartons and standard boxes. Table 176 shows that the average time 
to handle standard boxes falls within the range of the average time required 
to handle cartons plus or minus two standard errors. Therefore, it is 
reasonable to conclude that there is no significant difference between 
the labor required to handle cartons and standard boxes. 


Table 176,—-Comparative labor requirements to pick up, transport, and 
release 1,000 packed cartons of apples and 1,000 packed standard 
boxes of apples by use of clamp-type 2=wheel hand trucks 


: $ Cartons . : Standard boxes 
poe ¢ Average : Range 1 $ Average 
: Mane-hours Man-hours H Man-hours 
Pick up ¢ O,31 0:25 to 0.34 < 0.29 
Transport 105 feet 2/ : 1.91 2 eo: 
Release : oor 528 t0'~ he 729 


1/ The range is equal to the average plus and minus two standard 
errors of the mean. 

2/ At this distance the two times were identical so there is no 
cause to make a statistical test. A more adequate comparison, if the 
data were available, would be to compare the times over a wide range of 
distances or to compare the regression equations for transporting both 
types of containers. Because the weights of the containers are approxi- 
mately equal and they are handled in the same manner, there is no reason 
to suspect that differences would exist. 


Pallets and Fork-lift Truck 


Studies made at two plants using fork-lift trucks and pallets 
indicate that there is no significant difference in the labor required 
to handle unit loads of cartons of apples and standard boxes of apples 
on pailets, Since fewer packed cartons than standard boxes are nlaced 
on pallets to make up a pallet load, the man-hours per 1,000 boxes are 
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correspondingly higher for cartons. Packed cartons are seldom tiered 
in cold storage. AS a consequence comparisons of labor requirements to 
handle cartons and boxes can be made only on the basis of first tier 
pick ups and releases. The times per unit load for pick up, transport, 
and release are the same for cartons as for standard boxes. 


The average time for a first tier pick up per unit load of cartons 
was 0.13 minute per unit load with a standard error of 0.0039 minute. 
This compares with a first tier pick up time of 0.134 minute per unit 
load for standard boxes, Because the difference is less than one standard 
error it. can be concluded that there is no significant difference between 
the two. 


The average time for individual unit load releases was 0.10 minute, 
with a standard error of 0.0059 minute. The comparative time for releases 
of standard boxes was 0.106 minute, This small variation indicates that 
no significant difference exists. 


The transportation time per unit load logically should be very close 
for both types of containers. Difference in weight and stability of the 
unit loads is not great enough to affect the speed of the fork-lift 
truck, Thus, the times established for standard boxes being applicabie 
to cartons, it is only necessary to adjust the times in proportion to 
the number of cartons per unit load. In table 177 comparisons for 
handling boxes and cartons are made on the basis of man-hours per 
1,000 containers. This was done to make these data comparable with 
other data in this report. 


Table 177.-—-Comparative labor requirements to pick up, transport, and 
release 1,000 packed cartons of apples and 1,000 packed standard 
boxes of apples by use of pallets and fork-lift trucks 


Standard boxes 


eration 
OP Average 


: Manehours Man-ehours 3 Man-hours 
Pick up * (05025 0.041 to 0.049: 0.046 
Transport 45 feet 3/ 2 205 3 -210 
Release : ~035 -031 to .039 : 037 


1/ An equal number of boxes per unit load was assumed for two types 
of cartons in order to make the comparisons. 

2/ The range is equal to the average plus and minus two standard 
errors of the mean, 

3/ At this distance, the labor requirements for cartons and boxes 
were so close there was no cause to test the significance of the 
difference. A more adequate comparison, if the data were available, 
would be to compare the times over a wide range of distances or to 
compare the regression equations for transporting both types of 
containers. 
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Belt Conveyor 


In four different apple packing and storage plants, seven time 
studies, averaging 606 cartons per study, were made of workers placing 
fiberboard cartons on a moving belt conveyor, Studies also were made in 
three plants of the same operation when standard boxes were being 
handled, The size of the sample was relatively large and the labor 
required per 1,000 cartons was so close to that for standard boxes that 
no test was made of the difference (table 178), 


Table 178,——-Comparative labor requirements for placing cartons and 
standard boxes on a belt conveyor 


: $ Average : 
Containers : Plants : Studies containers ¢: aokee 
labor 

$ H per _ study 3 


ee 88 68 08 88 20 ee 00 00 


: Number : Number Number : Mane-hours 
Cartons : 4 : Yi, 606 2 0.93 
Standard boxes 43 oe 336 : 97 


The elements of the operation of placing cartors on a belt conveyor 
are identical to those of placing standard boxes on a belt conveyor. 
Since the weights of the two packed containers are approximately equal, 
there should be no significant difference in the labor required to handle 
the two types of containers. 


Comparison of Handling Operations for 
Industrial Lift Trucks of Various Capacities 


In comparing the operating efficiencies of various sizes of 
industrial lift trucks it was found that the efficiencies were related 
to the size of the unit loads that could be handled. In ten plants in 
which data were gathered, the industrial lift trucks, regardless of 
size, travelled at approximately the same rate of speed. It is not 
possible for the industrial trucks to travel at their maximum rate of 
speed in most of the plants because of the possibility of boxes tipping 
off the load in turns, sudden slowdowns or stops. Safety precautions 
also tend to restrict the speed of the trucks in the plants, mainly 
because of narrow aisles. In figure 134, regression lines are shown 
for the various sizes and types of trucks. For the range of distance 
that is most frequently travelled—-100 to 300 feet--three of the lines 
are very close together. The fourth line differs considerably from the 
others because it is based on data taken on two gasoline powered fork= 
lift trucks which were operated without governors and the speed of travel 
in the plant was relatively unrestricted by turns and narrow aisles. 
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Figure 134.--Comparative labor requirements per unit load to transport boxes of apples 
and return empty by use of pallets and industrial fork-lift trucks of various capacities. 


Data on pick up and release by various sized industrial fork-lift 
trucks are shown in table 179. Very little difference among the trucks 
in man-hours per unit load occurs in any of the operations because all 
the elements in either pick up or release are the same for all sizes of 
trucks. Data for industrial clamp-type lift trucks are not included in 
the table. Industrial clamp trucks are frequently used in plants that 
have been converted and consequently conditions are different than in 
plants that were built for industrial equipment. 


The elevating speed per unit load of the trucks seems to be fairly 
uniform, possibly because the heavier unit loads offset the greater 
power capacities of the larger trucks, From these data it can be con- 
cluded that the relative efficiencies of the industrial lift trucks are 
dependent upon the number of boxes that can be handled at one time as a 
unit load. Man-hours per 1,000 boxes rather than the man-hours per unit 
load are a measure of the operating efficiencies of industrial lift trucks. 
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Table 179.-—-Comparative labor requirements for pick up and release per unit load and per 1,000 boxes 
* by use of industrial fork-lift trucks of various capacities 


1,000 boxes 
Road : Floor : lst, 2nd, 
truck bed ; level : 3rd, tier 
Man-hours Man-hours Man-hours 


: Unit load 
Capacity of truck : Road : Floor 
: truck bed :_ level 
: Manehours Man-hours 
Pick up : 
36=box : 0.0036 0.0022 
40=box : 20036 20022 
48=box 7 20034 20022 
Release 1/ 2 
36—box $ - 0.0014 
40=box : - 20020 
48=box : - 0019 


1/ Releases not made onto road truck beds. 


: 0.10 0.060 0.12 
: 209 2055 eS 
: 07 2045 209 
: - 0.04 0.13 
$ = 205 10 
: - meyA -09 
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